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ITH an acute sense of timing, The American 
Physical Society is holding its regular meet- 

ing in the West at the University of Hawaii in 
Honolulu just as Hawaii is to become the 50th state 
in the Union. In fact, the deadline for this issue of 
the Bulletin comes just « few days after the 
Hawaiian election validating the accession. The 
meeting will be held on the campus of the univer- 
sity on Thursday, Friday, and Saturday, August 
27, 28, and 29. The sessions will be held in Crawford 
Hall and Hall, which are neighboring 


buildings. 


George 


Although the hotel information given in the Pre- 
liminary Announcement will be repeated here, it 
probably will be of little use at the late date this 
Bulletin will be received. You will do well to consult 
a reliable travel agent for formal reservations. The 
Princess Kaiulani Hotel in Waikiki has set aside a 
block of rooms for members of the Society and has 
promised to find equivalent rooms in other hotels 
in Waikiki uf the same chain for overflow. The rates 
at the Kaiulani are $12 for a single and $14 for 
a double. We list some additional hotels in the 
Waikiki area to give some idea of the scale of prices: 
Moana Hotel, $12 single, $14 double; Islander 
Hotel, $5, $6, $8 single, $7.50, $8.50, $9.50 double ; 
Edgewater-Reef Hotel, $7.50, $8.50, $9.50 single, 
$10, $12, $14 double; Waikiki Biltmore Hotel, $8, 
$9, $10, $11 single; $12, $14, $16, $18 double; 
Hawaiian Village, $10, $12, $14, $16 single, $12, 
$14, $18 double. There are more expensive and more 
luxurious hotels than these, but we assume that 
those people who plan to use them need no advice 
on this account. Although the Waikiki hotels are 
relatively close to the campus, bus transportation 
is inconvenient, since it is necessary to make two 
transfers, using buses numbers 2, 4, and 5. Taxis 
cost only about $1.20 between Waikiki and the 
university, with no charge for additional passengers. 


Air transportation from San Francisco and Los 
Angeles is via Pan American and United Air Lines. 
In addition, there is Northwest Orient Airlines from 
Seattle and Quantas and Japan Air Lines from 
Vancouver. Economy flights are offered by Trans- 
ocean Airlines and U. S \irlines. Ship 
schedules are less flexible, only two 
ships leaving San Francisco that are 
from the viewpoint of the meeting; one arrives 


Overseas 
and there are 
reasonable 


approximately a week before and the other arrives, 
unfortunately, on the morning of the first day of 
the meeting. Space is probably no longer available 
on these ships. Lunch will be no problem, since the 
facilities will be available on the campus 


Registration and the usual information will be at 
the desk in Gartley Hall which houses the Physics 
Department. The registration fee will be $1 


Tickets for the banquet of the Society will be 
sold at the registration desk and the price will be 
The dinner will be at 8:00 P.M. at 
Hotel, and there will be a 

members of the Societv, 


$4 per person 
the Princess Kaiulani 
cocktail party for the 
generously sponsored by the Hawaii Electric Com- 
pany, starting at about 6:30 P.M., also at the 
Princess Kaiulani Hotel. Our principal speaker will 
be Chancellor Glenn T. Seaborg of the University 
of California at Berkeley, and the Society will be 
welcomed at the banquet by President Lawrence H. 
Snyder of the Hawaii. President 
Snyder is no stranger to the Society, having already 
been a banquet speaker at the Physical Society 
meeting in Norman, Oklahoma, in 1957 


University of 


i 


The program consists of 131 contributed papers 
and 54 invited papers. This is now the second time 
that it has been necessary to have four 
parallel at a summer meeting, and there are 


sessions in 
several 


undesirable conflicts in the program. The program 


Wilets, 


was arranged with the help of Professors I 
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AMERICAN 
R. L. Thornton, E. L. Hahn, K. M. Watson, and 
Dr. F. S. Johnson. 

There are so many things to do in Hawaii, and 
so little time for the average visitor to do them all, 
that the Local Committee is making no special 
arrangements for the members of the Society and 
their families. If a special program is arranged, 
information will be obtainable at the registration 
desk. Professor Kenichi Watanabe is Chairman of 
the Physics Department and Chairman of the Com- 
mittee on Local Arrangements, and if any questions 
as to physical arrangements arise, they should be 
addressed directly to him in care of the Physics 
Department at the University of Hawaii. 


Post-deadline papers of sufficient importance to 
warrant their inclusion in a special supplementary 


program will be considered by the Local Secretary 


if the abstracts are received no later than Friday, 


PHYSICAL 


SOCIETY 349 
August 21, at the Office of the Local Secretary for 
the Pacific Coast (see address below). These papers 
will be presented following sessions that will be 
designated on a blackboard near the registration 
desk in Gartley Hall. 


Errata pertaining to abstracts in this issue will, be 
published in a later issue of this Bulletin if received 
not later than Tuesday, September 8, by Miss Ruth 
Bryans, American Institute of Physics, 335 East 45 
Street, New York 17, New York. Do not send in 
the abstract with erasures and corrections. Write 
out your corrections in the form ‘Instead of 


read ”. add nothing. 


W. A. NIERENBERG, 

Local Secretary for the Pacific Coast 
Department of Physics 

University of California 

Berkeley 4, California 





EPITOME* OF THE 1959 SUMMER MEETING IN THE WEST AT 
THE UNIVERSITY OF HAWAII 


(Personal names are those of invited speakers 


THURSDAY MORNING 


9:45 A. Atomic physics 1; Neynaber, Branscomb, Stebbings, Bederson, 
9:45 B. Low-energy nuclear physics I; Boehm, Schmidt, DuMond, Diamo 
10:00 C. Magnetohydrodynamics; Linlor. 209. 


10:30 D. Resonance physics. 226. 


THURSDAY AFTERNOON 


Atomic physics 11; Thomas, Borowitz, Mittleman, Karz 
Low-energy nuclear physics II; Farwell, Inglis, Talmi, Gr 


High-energy nuclear physics; Bradner. 209. 


FRIDAY MORNING 


? } 


9:30 H. Radio-frequency spectroscopy I; Bloom, Oppenheim, Norberg, Bender, 
Anderson. 103. 

9:45 1. High-energy nuclear physics I; Pais, Miller, Muller, Glaser, O'Neill. 105 

10:00 J. Low-energy nuclear physics. 209. 


9:00 K. Satellites and other topics; Kaplan. 226. 


FRIDAY AFTERNOON 


1:45 L. Radio-frequency spectroscopy II; Anderson, Novick, Portis, Kikuchi, F1 


11 


1:45 M. High-energy nuclear physics II; Walker, Mozley, Mandelstam, Ypsil 
2:30 N. Solid-state physics. 209. 
2:00 O. Magnetohydrodynamics. 226. 


FRIDAY EVENING 


Banquet of the American Physical Society; Seaborg. Princess Kaiulani 


SATURDAY MORNING 


Space physics; Zirker, Helliwell, Northrop, Dessler, Hess. 105 
Low-energy nuclear physics. 103. 


High-energy nuclear physics; Korff. 209. 


SATURDAY AFTERNOON 


1:30S. Solid-state physics. 105. 
1:30 T. Low-energy nuclear physics. 103. 


1:30 U. Theoretical physics. 209. 


* Rooms 103, 105, and 209 are all in Crawford Hall. Room 226 is in George Hall. 
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PROGRAMME 


THURSDAY MORNING AT 9:45 
Crawford 103 


(K. M. Watson presiding) 


Invited Papers on Atomic Physics I 


Al. Molecular Beam Studies at Convair. R. H. NEyNABER, Convair. (10 min.) 
A2. The Electron-Negative Ion Ratio in the Lower Ionosphere. L. M. BRANscoms, National Bureau 
f Standards. (25 min.) 

A3. Measurement of Atomic Cross Sections Using Modulated Atom Beam Techniques. R. F. 


STEBBINGS, General Atomic. (25 min.) 
A4. Low-Energy Electron-Atom Scattering Studies by an Atom Recoil Method. B. BEepERsoN, 


New York University. (25 min.) 

A5. Phenomena Associated with Slowing Down of High-Energy Particles in Air. R. E. MEYEROTT, 
Lockheed Aircraft Corporation. (25 min.) 

A6. Laboratory Studies of Electron Attachment in Oxygen and of Elastic and Inelastic Scattering 


in Nitrogen. A. V. PHELPs, Westinghouse Corporation. (25 min.) 


THURSDAY MORNING AT 9:45 
Crawford 105 


(J. H. D. JENSEN presiding) 


Invited Papers on Low-Energy Nuclear Physics I 
Bl. Circular Polarization Correlation Studies of y Rays in 6 Decay. FeLi1x H. Boru, California 


Institute of Technology. (20 min.) 
B2. Positron Polarization in Fermi Transitions. F. H. Scumipt, University of Washington. (20 min.) 
B3. High-Precision Instrumentation for Low-Energy Nuclear Spectroscopy. J. W. M. DuMonp, 
California Institute of Technology. (20 min.) 
M. D1tamMonp, University of California, Berkeley. 


B4. Coulomb Excitation with Heavy Ions. R 
AsAroO, University of California, 


20 min.) 

BS. Anomalous Electric Dipole Conversion Coefficients. | 
Berkeley. (20 min.) 

B6. Fission Studies of the Medium-Heavy Elements. A. W. FArRHALL, University of Washington 


20 min.) 


THURSDAY MORNING AT 10:00 
Crawford 209 


(H. C. CorBEN presiding) 
Magnetohydrodynamics 


Invited Paper 
Cl. Plasma-Target Fusion Machine. W. I. LinLor, Hughes Aircraft Company. (30 min.) 


Contributed Papers 


C2. The Berkeley Spiral-Ridged Cyclotron. Ermer L. of a variety of ions with continuously variable energy up to 
KELLY, University of California, Berkeley—The new 88-in. a maximum of 30 Mev/nucleon. This high energy at moderate 
cyclotron under construction at Berkeley will be discussed. dee voltage will be achieved by increasing the average magnetic 

field quadratically with radius to adjust for the relativistic 


This accelerator is designed to produce a large external current 
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mass increase of the ions. The ion defocusing normally caused 
by the radially increasing field is prevented by the strong 
focusing effects of azimuthal variations. The variation of 
energy is made possible by pole face windings and an rf 
system whose frequency can be varied over a range of three 
to one by means of movable panels. Adequate beam extraction 
is expected from a conventional electrostatic deflector. This 
machine will be used primarily for nuclear chemistry. By 
adding a frequency modulation unit to the rf system, this 
cyclotron will accelerate protons to an energy of 115 Mev. 


C3. Continuous Beam Extraction Methods for FFAG 
Accelerators.* L. W. JONES AND K. M. TERWILLIGER, Univer- 
sity of Michigan and Midwestern Universities Research Associa- 
tion.—To fully utilize the long duty factor potentially available 
with FFAG accelerators it is desirable to be able to extract a 
circulating beam slowly. The Piccioni-Wright system! as 
applied to pulsed field accelerators is not applicable to fixed 
field machines. One modification for FFAG accelerators makes 
use of the pulsating nature of the envelope of the betatron 
oscillations. An energy loss foil is located at an azimuth where 
radial oscillations have smallest amplitude. Where the 
envelope is a maximum, and after an integral number of 
betatron oscillations, the outward induced oscillation will be 
greater than the inward orbit shift, resulting in a net increase 
in the radius of the particle and allowing insertion of a septum. 
Another system applicable to all circular accelerators uses a 
field gradient perturbation,? producing an enhanced separation 
of particle equilibrium orbits at the energy loss foil, and 
superposition of these orbits at the extractor. Then a given 
energy loss in the foil produces an increased betatron oscil- 
lation and a net radial separation from previous orbits at the 
system. 

* Supported by the U. S. Atomic Energy Commission. 

1B. T. Wright, Rev. Sci. Instr. 25, 429 (1954); Piccioni, Clark, Cool, 


Friedlander, and Kassner, Rev. Sci. Instr. 26, 232 (1955). 
2K. M. Terwilliger, Bull. Am. Phys. Soc. Ser. II, 4, 269 (1959). 


C4. Formal Connection of Plasma Confining Field and 
Accelerator Phase Space Topologies.* D. W. Kerst, General 
Atomic.t—Equations of a line of force dx/dz=B,/B, and 
dy/dz=B,/B, and focusing equations for accelerator phase 
space dp/dt~B, and dx/dt~p show that for B, constant in 
space the z and y are formally equivalent to ¢ and p for particle 
orbits in a focusing field with the same B, and By, but with no 
B, provided B,~y—the case for linear focusing forces. Thus 
particle paths in phase space are similar to line of force paths 
in coordinate space with an appropriate B,. Variation of B, 
with z spoils the analogy since p does not vary like B,. Thus 
the familiar quadrupole case,! /=2, is altered. Nonlinearly 
changing fields are equivalent to the hamiltonian not being 
quadratic in p but methods similar to transformation metlwds 
for accelerators can be used to discuss stability and the 
influence of field errors on the confinement of lines of force. 

* This work was done under a contract between General Atomic and the 
Texas Atomic Energy Research Foundation. 

+ John Jay Hopkins Laboratory for Pure and Applied Science, General 


Atomic Division of General Dynamics Corporation, San Diego, California. 
!L. Spitzer, Jr., Phys. Fluids 1, 257 (1958). 


CS. Propagation of Alfvén Waves in a Compressible 
Cylindrical Plasma.* R. L. Moore, Richard L. Moore Con- 
sultants.—Wave velocities of greater than Alfvén speed have 
been reported in recent experiments,! where waves were 
propagated along an axial magnetic field. The increase in 
velocity possibly is due to the speed of propagation of homolo- 
gous pulsations of a cylindrical plasma along the axis similar to 
the transverse oscillations previously described.? These waves 
are similar to those postulated by Heaviside* for compressional 
magnetic waves, although the lack of experimental evidence 
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C6. Steady Two-Dimensional Flow with 
Magnetic Field. Morton MITCHNER, 
Space Division. i 
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C8. Moment Equations and Boundary Conditions 
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SESSIONS 


moment equations and boundary conditions together with 
Maxwell’s electrodynamic equations and boundary conditions 
formYa determinate system to describe the behavior of a 
conducting rarefied gas in electric and magnetic fields. This 
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system includes both the Grad thirteen-moment equations for 
rarefied gases and the usual continuum magnetogasdynamics 
as limiting cases. 


* Supported by the Office of Scientific Research. 


THURSDAY MORNING AT 10:30 


George 226 


(D. 


NAGLE presiding) 


Resonance Physics 


D1. Statistical Properties of Atomic Spectra.* N. RosENz- 
WEIG AND C. E. PorTER, Argonne National Laboratory and 
University of Minnesota.—Examination of the energy level 
schemes! of some complex atoms reveals that the statistical 
properties which have recently been discussed for nuclear 
spectra? are also present in atomic spectra. For example, 
in neutral Os the spacings between the odd parity levels of a 
fixed angular momentum J have a distribution fairly close to 
Wigner’s distribution $2x exp( —4x?). If the levels are not 
separated according to J, the repulsion is reduced in accord- 
ance with theoretical expectations. In cases where the spin- 
orbit coupling is small (e.g., Fe 1), the same statistical laws 
hold for the spacing between the “centers of gravities’’ of 
multiplets having the same parity and SZ values. In these 
iatrices of the electrostatic interaction in the SL 
scheme to have the statistical properties which are 
known? to lead to the repulsion of levels.‘ 


cases the 1 


seem 


the auspices of the I S. Atomic Energy 


2=Is as Derived from Optical Spectra," 
Standards Circ. No. 467 
=. Porter, Phys. Rev. 110, 786 
Rev. Letters 1, 101 (1958 
i r in the nuclear case see C. E. 
Rosenzweig ill 1. Phys. Soc. Ser. II, 4, 319 (1959) 


compiled by 
1958) 
Porter and N. 

D2. Spin Wave Resonance in Thin Permalloy Films with 
H, Parallel to the Film. C. F. Koor anp R. W. Moss, Lockheed 
Research Laboratories.—Standing spin wave resonances were 
observed by Seavey and Tannenwald! in thin permalloy films 
when the static magnetic field, Ho, was perpendicular to the 
film. We have observed resonances, with Hp in the plane of the 
film, which we believe to be standing spin wave resonances. 
We also observed standing spin waves with Ho perpendicular 
to the film. Values of the exchange constant A will be given 
for both the perpendicular case and the parallel case. These 
measurements were made at a frequency of 9350 mc/sec. The 
film had a g=2.02, 4xM,=9413, and a thickness of 2395 A.? 

M. H. Seavey, Jr., and P. E. Tannenwald, Phys. Rev 
1958) 

The film was supplied by R. L 


Letters 1, 168 
Conger, NOL, Corona. 


D3. Nuclear Spins of I'*°, I'*5, and I'*°.* HuGcu L. Garvin 
AND EpGAR LipworTH, University of California, Berkeley. 
[he nuclear spins of some radioactive iodine isotopes have 
been measured by an atomic beam experiment, and the results 
are giver in Table I. The apparatus used has been described 
elsewhere.! lodine-126 was produced by the (p,m) reaction on 
tellurium metal. Brookhaven National Laboratory provided 
1'33 as a reactor fission product. lodine-135 was produced in the 


fission of U8 by deuteron bombardment in the Berkeley 


TABLE I 








Half-life 


Spin Magnetic field (gauss) 





13.3 day 
21 hr 


1.42, 
6.92, 
6.92, 


6.92 
13.42 
10.87 





60-in. cyclotron. The radioactive beam was collected upon 
silver-coated buttons which were subsequently counted in 
continuous-flow proportional counters. Isotope identification 
was made by decay half-life and gamma-ray spectrum analysis. 
Both ‘‘flop-in’”’ resonances in the upper hyperfine states of 
the ?P; atomic ground state were observed at each magnetic 
field. 


* This research was performed under the auspices of the U. S. Atomic 


Energy Commission. 
! Garvin, Green, and Lipworth, Phys 


Rev. 111, 534 (1958 

D4. Nuclear Spin of 2.3-hr Iodine-132.* EpGar Lipwortn, 
HuGH L. Garvin, AND W. A. NIERENBERG, University of 
California, Berkeley, and Miller Institute for Basic Research in 
Science.—The nuclear spin of 2.3-hr iodine-132 has been 
measured by means of an atomic-beam magnetic-resonance 
experiment and found to have the value 4. The apparatus 
used for this measurement has been described elsewhere.' 
lodine-132 is conveniently obtained by a milking process 
from 77-hr tellurium-132 in an iodine generator provided by 
the Brookhaven National Laboratory.? A generator initially 
charged with 108 millicuries of I’ provided a sufficient 
quantity of active material to observe the “flop-in”’ resonances 
of the F=11/2 and F=9/2 hyperfine states of the *P; atomic 
ground state at magnetic field values of 1.42, 2.82, 6.92, and 
13.42 gauss. The I'® beam was detected by collection upon 
silver-coated buttons which were subsequently counted in 
continuous-flow proportional counters. Decay half-life of both 
the principal sample and several resonance-maxima samples 
were used to reaffirm identification of the isotope. The ob- 
served value of 4 for the nuclear spin of I' is consistent with 
the single-particle shell model of the nucleus.* 

* Work done under the auspices of the U. S. Atomi 
and the Air Force Office of Scientific Research 
‘ Garvin, Green, and Lipworth, Phys. Rev 

2? Stang, Tucker, Banks, Doering, and Mills, 
(1954). 


3M. G. Mayer and J. H. D. Jensen, Elementary Theory of Nuclear Shell 
Structure (John Wiley & Sons, Inc., New York, 1955), pp. 194-196 


Energy Commission, 


111, 534 (1958) 


Nucleonics 12, No, 8, 22-24 


D5. Hyperfine Structure Separation and Magnetic Moment 
of (3.3 hr) Cu®!.* BarBAarRA Dopsworth, V. J. EHLERS, W. B 
EwBANK, F. R. PETERSEN, AND H. A. SHuGart, University of 
California and Lawrence Radiation Laboratory.—The hyperfine 
structure splitting of 3.3-hr Cu® has been measured by the 
method of atomic beam. The isotope was produced with the 
(a2n) reaction by bombarding Co® with the 34-Mev a beam 
from the Berkeley 60-in. cyclotron. Chemistry was performed 
to separate the Cu metal from the Co target. Resonances were 
observed by inducing transitions between the mp=—1 and 
mrp = —2 members of the F=2 levels, at fields of 57, 111, 126, 
176, and 239 gauss. The radioactive atoms were collected on 
sulfur-coated buttons which were counted in sodium iodide 
crystal scintillation counters. Av was calculated using the 
Breit-Rabi formula, assuming positive and negative values of 
g:. The assumed positive value of g; gave the best fit to the 
data and resulted in a Ay=11 200+400 mc/sec. Using the 
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Fermi-Segré formula and the results of Cox and Williams,! 
the magnetic moment of Cu was found to be: w= +2.12 
+0.08 nm. 


* 1 gm in part by the Air Force Office of Scientific Research and 


the U. S. Atomic Energy Commission. 
1H. cP * Cox and D, Williams, Bull. Am. Phys. Soc. Ser. II, 2, 30 (1957). 


D6. Nuclear Spin of Samarium-153.* Amapo CAaBeEzas, 
EpGAR LIPWORTH, RICHARD MARRUS, AND JOSEPH WINOCUR, 
University of California, Berkeley—Hyperfine structure in- 
vestigations of 47-hr Sm" by the atomic-beam magnetic- 
resonance technique indicate that the nuclear spin of this 
nuclide is J =%. In a low field search, three resonances were 
observed which were ascribed to transitions occurring in the 
J=1 and J=2 excited electronic states. With the flop-in 
magnet geometry used in this experiment, these resonances 
must be of a multiple quantum character. Each of the transi- 
tions was observed at three fields. The data indicate that 
the gy value of both observed electronic states is 1.5, the value 
obtained in pure L-S coupling among the electrons of the 
configuration (5f)*. This configuration is the same as that 
inferred from optical spectroscopy. 


* This research sponsored under the auspices of the U. S. Atomic Energy 
Commission and the Air Force Office of Scientific Research. 


D7. Nuclear Spin-Lattice Relaxation Caused by Para- 
magnetic Impurities.* W. E. BLUMBERG,f University of 
California, Berkeley.—The behavior of the nuclear magneti- 
zation following the application of a saturating pulse of radio- 
frequency magnetic field is considered in three cases: (1) 
relaxation via paramagnetic impurities in the absence of 
nuclear spin diffusion, (2) relaxation which is limited by 
diffusion, and (3) relaxation in which diffusion is rapid. The 
first two cases lead to relaxation rates which vary with time. 
Only the latter two cases are of physical importance. A 
solution for the first case, however, suggests that, for a very 
short time after saturation, the nuclear magnetization will 
be proportional to ¢# in the second case. A pulsed nuclear 
resonance experiment on the protons in NH,4HSO, doped 
with Cr** ions verified this expected behavior. For concen- 
tration of Cr** ranging from 5X10!7 to 10 per cm‘, this 
transient solution was valid for the first 0.2 sec following 
saturation. These measurements also allow determination of 
the relaxation time of the Cr** ions introduced into NH,HSO,, 
10-8 sec, and the nuclear spin diffusivity of the protons, 
10~ cm?/sec. 

* Supported in part by the Office of Naval Research and the National 
Security Agency. _ 


t Present address: 
Jersey. 


Bell Telephone Laboratories, Murray New 
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D8. Nuclear Magnetic Resonance of Be® in Polycrystalline 
BeO.* J. F. Hon, Atomics Internationa The nuelear 
magnetic resonance (NMR) of Be? served in 
samples of hot-pressed, powdered BeO having densities 
greater than 99% of theoretical density. The res in the 
samples, after pressing and subsequent annealing, displayed 
a long spin-lattice relaxation time (several minutes). In order 
to facilitate measurement d.! The 
observed resonance (derivative itellite 
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D9. Measurement of the Proton Population Readjustment 
Time in the Overhauser Effect of Free Radicals.* RoBERT S 
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Crawford 103 


(R. LATTER presiding) 


Invited Papers on Atomic Physics II 


El. Application of Thermal Inelastic Collision Cross Section to the Analysis and Composition of 
Stellar Atmospheres. R. N. THomas, National Bureau of Standards. (25 min 


E2. Scattering of Electrons by Atoms. S. Borowitz, New York University. (25 
E3. Theoretical Methods for Calculation of Atomic Collision Cross Sections. M 


University of California, Livermore. (25 min.) 


Mitt! 


E4. Methods for Calculation of Opacities. W. Karzas, Rand Corp: 

ES. Radar Studies of the Ionosphere. A. M. PETERSON, Stanford | 

E6. Discussion. R. LATTER, Rand Corporation; B. LippMANN, Unit 
J. W. Bonn, JR., Convair. (30 min.) 





SESSIONS F AND G 


THURSDAY AFTERNOON AT 2:00 


Crawford 105 


(L. WILETs presiding) 


Invited Papers on Low-Energy Nuclear Physics II 


Fl. Inelastic Scattering and Collective Excitations in Light and Intermediate Nuclei. G. W. 
FARWELL, University of Washington, Seattle. (20 min.) 
F2. Nucleon Clustering and Models of Light Nuclei. D. R. INGLIs, Argonne National Laboratory. 


(20 min.) 


F3. Excited Configurations in Light Nuclei. 1. Tac, 
F4. Direct Radiative Capture in Light Nuclei. G. M. 


(20 min.) 


The Weizmann Institute of Science. (20 min.) 
GrirFitHs, University of British Columbia. 


F5. Measurements of Nuclear g Factors of Excited States of Nuclei. G. MANNING, California 


Institute of Technology. (20 min.) 


THURSDAY AFTERNOON AT 1:45 


Crawford 209 


(A. Pats presiding) 


High-Energy Nuclear Physics 


Invited Paper 


Gl. Experience with Hydrogen Bubble Chambers at Berkeley. H. BRADNER, University of Cali- 


fornia, Berkeley. (30 min.) 


Contributed Papers 


G2. 4.15 Bev Proton-Proton Scattering in Nuclear Emul- 
sions.* M. H. Biue, C. Y. Kim, J. J. Lorp, Anp C. H. Tsao, 
University of Washington.—In a stack of Ilford G-5 emulsions 
exposed to the 4.15-Bev internal proton beam of the Bevatron 
about 400 events have been found by following light second- 
aries! and by area scanning. About half of these events have 
been discarded as being collisions with protons bound in heavy 
emulsion nuclei because of their having decay electrons or 
blobs which could be due to the recoil of fragments of heavy 
nuclei. Measurements of the scattered angles, ionization loss, 
and scattering of the secondary particles have been made on 
20 elastic appearing, 37 two prong inelastic, 25 four prong, and 
1 six prong event. These data are uncorrected for scanning 
efficiency. Center-of-mass angular distributions of the elastic 
scattering and of the angular distribution and momentum 
spectrum of the charged pions produced will be shown. 

* Assisted by the National Science Foundation and the joint program of 


the Office of Naval Research and the U. S. Atomic Energy Commission. 
1 Kalbach, Lord, and Tsao, Phys. Rev. 113, 325 and 330 (1959). 


G3. Lifetimes and Asymmetries of £ Hyperon Decays.* 
STANLEY C. FREDEN, HARRY N. KORNBLUM, AND R. STEPHEN 
Wuite, University of California, Livermore.—The study of the 
decays of = hyperons produced by the interactions of K~ 
mesons stopped in nuclear emulsions has been extended. Only 
those hyperons from two-pronged =*+2* events were selected 
for analysis. 1172* decays into protons, 942* decays into 7* 
mesons, 172~ decays into m~ mesons, and 32* decays into 
7* mesons have been observed. The mean lifetimes obtained 
for all =* decays into protons, for =*+ decays in flight into 
protons, and for =* decays in flight into +* mesons are, 
respectively : 8.47_; o6*!-4! X 10-" sec, 9.5_, 37 K 10-"! sec, and 
5.8_2.278 510" sec. Applying a cutoff at 5107" sec to the 


decays in flight does not change the lifetimes significantly. 
These values are in agreement with the presently accepted 
value of the =* lifetime. Possible reasons for the apparent 
short lifetime previously obtained by this group and by others 
will be discussed. The asymmetry parameter a, defined by 
P(a) =1+a sing cos@ where @ is the production angle in the 
c.m. system and ¢ is the angle between the meson secondary 
and the normal to the production plane in the c.m. system, 
has the following values for the 2+ decays into protons, the 
=* decays into +* mesons, and the =~ decays in +~ mesons, 
respectively : 0.07 4-0.30, —0.06+0.27, —0.35_» 57*°-*. All the 
errors quoted above except those for the lifetime for all =* 
decays into protons are 50% confidence limits of the proba- 
bility distributions. 


* Work done under the auspices of the U. S. Atomic Energy Commission. 


G4. Proton Helicity from A°® Decay.* R. W. BirGe AND 
Wi1Lu1AM B. FowLer, University of California, Berkeley.—l\t 
has been pointed out! that the longitudinal polarization of the 
proton from the decay of unpolarized hyperons at rest equals 
—a, where a@ is the asymmetry parameter governing the 
angular distribution of the decay of polarized hyperons and is 
a measure of parity mixing. Because the decay in flight of A 
hyperons leads to a partial transverse polarization of the 
decay proton in the laboratory system, the sign of a may be 
determined by noting the left-right asymmetry in a subse- 
quent scatter. We have analyzed 78 elastic and quasi-elastic 
scatters of protons resulting from well-measured A decays 
obtained from a sample of about 300 events. These events, and 
others to be reported on, were included in a group of about 
20 000A’s obtained in a high-energy K~ beam? using the 
Lawrence Radiation Laboratory 30 in. propane bubble 
chamber. A plot of the maximum likelihood function 





356 


miat’(1+aP;) based on 37 events with a polarizability P; 
greater than 0.2 peak at a=0.73+0.27—0.52 and indicates 
that the proton has a negative helicity in agreement with other 
results.* 


* Work done under the auspices of the U. S. Atomic Energy Commission. 

1T. D. Lee and C. N. Yang, Phys. Rev. 108, 1645 (1957). J. Leitner, 
Noise Control 8, No. 10, 68 (1958). 

2M. L. Good and H. K. Ticho (unpublished). 

3 Boldt, Bridge, Caldwell, and Pal, Phys. Rev. Letters 1, 


256 (1958). 

G5. High Nuclear Excitation as a Nuclear Force Prcbe.* 
D. B. BEARD, University of California, Davis.—Nuclear 
evaporation experiments for excitation energies greater than 
about 20 Mev have revealed much more rapid increases of 
nuclear level densities with energy than simple theory pre- 
dicts. The validity of the application of statistical methods and 
the compound nucleus assumption for these energies and for 
isotropic particle emission has been indicated by several 
authors. The source of the discrepancy between simple theory 
and experiment lies rather in the assumed form of the 
individual particle model. The simple theory and most elabora- 
tions on it assume that the individual particle levels are 
evenly distributed with high degeneracy. In actuality the 
levels must be assumed to have decreasing spacing with 
increasing excitation energy due to the diffuse nuclear wall 
rather than the harmonic oscillator or square wall, which 
gives rise to evenly spaced levels. The nuclear level spacing 
is very sensitively dependent on the individual particle level 
spacing and may be used to infer the actual individual particle 
level density. Since this latter quantity is a unique charac- 
teristic of the nuclear potential radius and shape, properly 
analyzed particle distributions from nuclei excited to about 50 
Mev can uniquely establish the actual force field bound 
particles experience when excited. 


* Supported in part by the U. S. Atomic Energy Commission. 


G6. Charge Independence in Associated Production.* 
FRANK S. CRAWFORD, JR., ROGER L. DouGLass, Myron L. 
Goop, GEORGE R. KALBFLEISCH, M. LyNN STEVENSON, AND 
Harotp K. Ticuo, University of California, Berkeley.—lf 
charge independence (CI) holds in «w*++p—~>2*+Kt, 
am +p—~>2-+K*, and «+p—2°+K°, the triangle in- 
equality (o*+)++(o0—)4—(20°)t+>0 must be satisfied at all 
production angles. Previous results of Brown et al.' for incident 
m's of 1.23 Bev/c (1.1 Bev) indicated failure of CI for back- 
ward 2's. We have measured o~ and o°® at 1.23 Bev/c. Our 
results differ substantially from those of Brown et al. When 
we combine our results with the o* results of Brown et al. 
we find agreement with the triangle inequalities and charge 
independence. 

* This work done under the auspices of the U. S. Atomic Energy 


Commission. 
1 Brown, Glaser, Meyer, Perl, and Velde, Phys. Rev. 107, 906 (1957). 


G7. Photopion Production from Deuterium and the x /7* 
Ratio.* Joun D. ANDERSON, DUANE C. GaTEs, THOoMAs L. 
JENKINS, RoBERT W. KENNEY, AND WILLIAM P. SWANSON, 
University of California, Berkeley.—The reactions y+ D — r 
+2P and y+D— 1r*+2N have been studied near threshold 
by observing 2- and 3-prong stars and ++ — yw*+y» decays, 
respectively, in a 4-inch deuterium bubble chamber, as 
previously reported. The preliminary value o(2~)/o(x*) 
=1.53+0.21, uncorrected for Coulomb effects, was obtained 
for stopping mesons with a laboratory-system energy distri- 
bution 6.4+2.7 Mev and an approximately isotropic angular 
distribution (lab). An approximate final-state Coulomb 
correction reduces the above value of 1.38+0.19. Applying 
a technique due to Chew and Low? for extrapolating measure- 
ments on the reaction y+D—~x2~-4+2P into the non- 
physical region gave a free-nucleon total section 
o(y+N — x~+P) of 70+40 ub at an effective photon energy 
(lab) 16146 Mev. Comparing this cross-section value with 
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G8. Nuclear Excitation Induced by »~-Meson Capture.* 
SELIG KAPLAN, BURNS MACDONALD, BuRTON J. MovyER 
ROBERT V. PYLE, AND Justo Diaz, Unit ty of California, 
Berkeley.—The multiplicity distribution trons emitted 
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G9. Search for Leptonic Decay Modes of =* 
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tively. The statistical uncertainty in each of these measure- 
ments is about 5 mb. 


* This work was done under the auspices of the U. S. Atomic Energy 
Commission. 


’ 


H, AND I 357 
=66+17 mb for antiproton kinetic energy 75 <7; <137.5 
Mev, and oe1(pp)=56+414 mb for 137.5<T;<200 Mev 
Seventeen definite and five possible strange particles have 
been identified among the products of 436 annihilations. This 


t On leave of absence from Laboratoire de Physique, Ecole Polytech- 
nique, Paris and CNRS, France 

1 Coombes, Cork, Galbraith, Lambertson, and Wenzel, Phys. Rev. 112, 
1303 (1959). 


indicates that the production of a pair of K mesons occur in 
4.0+1.2% of all annihilations (7;=70 Mev). The average 
total energy per K pair is >1200 Mev. The details of the 
carbon annihilation have been observed in 337 annihilations. 
Pion energy spectra and pion frequency distributions have 
been obtained. The principal products per annihilation 
include 1.58+0.07x~ with average total energy E,-=366+13 
Mev, 1.33+0.08r* with £,+=371413 Mev, and 1.15+0.307° 
B.® =342+90 Mev. 


G11. Antiproton Ifteractions in Propane below 200 Mev.* 
L. AGNEw, T. Eviorr, Witt1AM B. Fow.er, L. GILLy,f 
R. LANDER, L. OswaLp, WiLson M. Powe Lt, E. SEGRE, H. 
STEINER, H. Wuite, C. WIEGAND, AND TT. YPSILANTIS, 
University of California, Berkeley—In an experiment per- 
formed with the Berkeley 30-in. propane bubble chamber, 
222-Mev antiprotons were brought to rest. Preliminary 
reports have been made on pp and fC elastic scattering and 
annihilation cross sections, and on the details of the hydrogen 
annihilation.! Final analysis has resulted in an appreciable 
change in the pp elastic cross section: we now report ge1( pp) 


with 


* This work was performed under the auspices of the U. S. Atomic Energy 
Commission. 

t On fellowship from Institut Interuniversitaire des Sciences Nucléaires 
(Belgium). Now at Université de Louvain, Belgium. 

1 Agnew, Elioff, Fowler, Gilly, Lander, Oswald, Powell, Segré, Steiner, 
White, Wiegand, and Ypsilantis, Phys. Rev. 110, 994 (1958); Phys. Rev. 
Letters 1, 27 (1958); Bull. Am. Phys. Soc. Ser. II, 3, 402 (1958). 


FRIDAY MORNING AT 9:30 
Crawford 103 


(E. L. Haun presiding) 


Invited Papers on Radio-Frequency Spectroscopy I 


H1. Interpretation of Nuclear Magnetic Relaxation Measurements in Low-Temperature Gases 
and Liquids I. M. BLoom, University of British Columbia. (10 min.) 

H2. Interpretation of Nuclear Magnetic Relaxation Measurements in Low-Temperature Gases 
and Liquids II. |. OPPENHEIM, National Bureau of Standards. (10 min.) 

H3. Nuclear Magnetic Resonance Line Shape in CaF:. R. E. NorserG, Washington University. 
(25 min.) 

H4. Hyperfine and Zeeman Transitions in Rubidium-87 Vapor. P. L. BENDER, National Bureau of 
Standards. (25 min.) 

H5. Statistical Mechanics of Spin-Spin Relaxation. E. T. Jaynes, Stanford University. (25 min.) 

H6. Nonresonant Microwave Absorption in Dilute and Compressed Gases. G. BirnBAuM, Hughes 
Aircraft Company. (25 min.) 

H7. Audio-Frequency Spin Absorption in Nuclear Spin Systems. A. G. ANDERSON, /.B.M. Research 
Laboratory. (25 min.) 


FRIDAY MORNING AT 9:45 
Crawford 105 


(E. M. McMILLAN presiding) 


Invited Papers on High-Energy Nuclear Physics I 


Il. Interactions of Strange Particles. A. Pats, Institute for Advanced Study. (40 min.) 

I2. Recent Results on K~ Meson Absorption in Hydrogen and Deuterium. D. H. MILLER, Univer- 
sity of California, Berkeley. (20 min.) 

I3. Interactions of K;° Mesons in Nuclei. F. MuLLER, University of California, Berkeley. (15 min.) 

14. Recent Results on Neutral Decay Modes of Strange Particles Observed in a Xenon Bubble 
Chamber. D. A. GLAsER, University of Michigan. (15 min.) 

I5. Design of an Experiment on the Limits of Quantum Electrodynamics by Means of Colliding 
500-Mev Electron Beams. G. K. O'NEILL, Princeton University. (30 min.) 
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FRIDAY MORNING AT 


10:00 


Crawford 209 


(G. T. SEABORG presiding 


Low-Energy Nuclear Physics 


Ji. Inelastic Scattering of High-Energy Protons. K. 
NISHIMURA, Rutgers University—We have calculated the 
differential scattering cross section and polarization of high- 
energy nucleons exciting a collective level of the target nucleus. 
The nucleon-nucleon interaction was represented by a 
spheroidal square well potential with a complex depth plus 
the conventional spin-orbit coupling term. Since the Born 
approximation is known to fail near the diffraction minimum, 
an approximate calculation using the distorted waves was 
carried out in such a way that the results are more reliable 
in this region rather than for small scattering angles. A 
comparison with the experimental data at 185 Mev shows a 
reasonable agreement if the well parameters take the values 
given by the exact phase shift analysis of elastic scattering 
experiments. The effects of the well parameters on the polari- 
zation curve will be qualitatively discussed. 


J2. Elastic and Inelastic Scattering of Neutrons from C'?.* 
E. Happap Anp D. D. Puitutps, University of California, Los 
Alamos.—Angular distributions of elastically and inelastically 
scattered neutrons from C” were determined at neutron 
bombarding energies of 6.0, 6.3, and 7.9 Mev. The measure- 
ments were made with a pulsed-beam time-of-flight spec- 
trometer.' The elastic angular distributions exhibit pro- 
nounced peaking in the forward direction accompanied by 
smaller secondary maxima and minima. Within experimental 
error (about +10%) the inelastic differential cross sections 
associated with the 4.43-Mev state in C are symmetric about 
90° in the center-of-mass system for 6.3- and 7.0-Mev incident 
neutrons, while the inelastic distribution at 6.0 Mev are 
asymmetric. The qualitative features of the inelastic angular 
distributions indicate that the C!(,n’)C* reaction proceeds 
predominantly by compound nucleus formation. Values for 
the total elastic and total inelastic cross sections at 6.0, 6.3, 
and 7.0 Mey are as follows: 

7 ine! (barns) 


0.24 +0.02 
0.35 +0.04 
0.17 +0.02 


Mev oe\ (barns) 
6.0 0.81 +0.08 
6.3 1.24+0.12 
7.0 0.52 +0.05 


*Work performed under the auspices of the U. S. Atomic Energy 


Commission. 
'L. Cranberg and J. S. Levin, Phys. Rev. 103, 


343 (1956). 

J3. Differential Cross Section for the D(d,n)He* Reaction.* 
Murrey D. GOLDBERG AND JAMES M. LEBLANC, University 
of California, Livermore.—The absolute differential 
section for production of monoenergetic neutrons by the 
D(d,n)He’ reaction has been measured with 5.0-, 7.6-, 9.6-, 
and 12.2-Mev deuterons from the Livermore variable-energy 
cyclotron. A proton recoil counter telescope was used to detect 
the neutrons and to separate out neutrons from the D(d,np)D 
breakup reaction. The distributions at all energies are very 
peaked in the forward direction, with a first minimum around 
30 to 40 degrees and a subsequent smaller maximum. The 
angular distributions, transformed to the center-of-mass 
system, have been fitted with the exchange stripping theory 
of Owen and Madansky,' properly antisymmetrized to account 
for the identity of the incident and target particles. Excellent 
fits were obtained, but it was necessary to monotonically 
decrease the interaction radius, Ro, with incident deuteron 
energy. The variation was considerable, from Ry=8.4+0.2 
fermi at 5.0 Mev to Ro=5.5+0.2 fermi at 12.2 Mev. An 
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1G. E. Owen and L. Mada 
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J5. Reaction of High-Energy C'*, N'‘, and O'* with Carbon.* 
Murry TAMERS AND RICHARD WOLFGAN niversity 
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J6. Total Reaction Cross Section in Heavy Elements.* 
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J7. Neutron Absorption Cross Sections with Sb-Be Neu- 
trons.* C. W. Coox, Convair, AnD H. W. Scumitt, Oak Ridge 
National Laboratory.—Spherical shell transmission measure- 
ments! employing Sb-Be neutrons have been used to obtain 
absolute neutron absorption cross sections for the elements 
cadmium, indium, iodine, and mercury. The specially designed 
Sb-Be source has been found? to emit neutrons with a mean 
energy of 24.342 kev. The neutron detectors consisted of 
modified long counters which were shielded by lead from 
source gamma rays. Transmission measurements were made 
by using solid spherical shells of cadmium and indium and 
hollow shells of thin aluminum filled with mercury and ele- 
mental iodine. Multiple scattering in the sample shells was 
treated according to the method of Bethe, Beyster, and 
Carter® and corrections were applied for finite source dimen- 
sion, finite source to detector distance, absorptions in the 
source, and resonance self-shielding. Preliminary absorption 
cross sections are: cadmium, 390+60 mb; indium, 840+125 
mb; iodine, 790+120 mb; and mercury, 325450 mb. 

* Work performed at the Oak Ridge National Laboratory and supported 
in part by the Convair Scientific Research Laboratory. 

1 Schmitt, Gibbons, and Inskeep, Bull. Am. Phys. Soc. Ser. II, 
(1959). 

2H. W. Schmitt (to be published). 


§ Bethe, Beyster, and Carter, J. Nuclear Energy 3, 207 (1956); 3, 273 
(1956) ; 4, 3 (1957); 4, 147 (1957). 


4, 43 


J8. Velocity Distribution of the Charged Products of the 
d-d Reaction in Scylla.* D. E. NaGLe, W. LELAND, W. E. 
QUINN, AND W. B. RIESENFELD, Los Alamos Scientific Labora- 
tory.—Protons from the d-d reaction in Scylla have been 
observed in the axial direction using nuclear photographic 
emulsions. In one arrangement a pinhole camera is used to 
study the spatial location and extent of the source. In a 
second experiment a 60-degree magnetic spectrometer is used 
to measure the velocity distribution of the protons emitted 
along the axial direction. One spectrograph plate has been 
exposed in which 847 tracks have been found. Their velocity 
distribution may be used to infer the spread in the velocity 
of the center of mass of the reacting deuterons, which appears 
to be considerable. The details of the relationship between 
the observed distribution and the center of 
velocity distribution will be discussed. 


velocity mass 


* Work performed under the Atomic Energy 


Commission 


auspices of the U. S. 


J9. Elastic Scattering of Alpha Particles by N'*.* H. 
SmotricH,f K.°W. Jones,f L. C. McDermott, anp R. 
BENENSON,$ Columbia University—The absolute differential 
cross sections for the elastic scattering of alpha particles by 
N!5 have been measured at six center-of-mass angles for alpha- 
particle energies from 1.75 Mev to 5.49 Mev.! In this study 
thirty levels corresponding to the compound nucleus F” were 
observed. The first 16 of these levels have been analyzed 
using Wigner-Eisenbud reaction theory for the case of elastic 
scattering of spin 0 particles from spin } nuclei. The resulting 
assignments of resonant energies (Mev), spins and parities are: 

w- 2.614, 5/2*- 2.635, 5/2 


; 3.194, 1 


* This work was partially supported by the I S. Atomic Energy 
Commission 
t Now at 
New Mexico 
t Now at The Ohio State University 
§ Permanent a 2 he City College of New York 
Smotrich, Jones 


II, 3, 26 (1958) 


» Special Weapons Center, Kirtland Air Force Base, 


ess he 
McDermott, and Benenson, Bull. Am. Phys. Soc. Ser 
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J10. (n,p) Reaction for Zirconium at 14 Mev.* Se HEE 
Aun,f J. R. Hearst, J. H. Roperts, anp E. N. Strait, 
Northwestern University—The energy and angular distri- 
butions of the protons from the interaction of 14.1-Mev 
neutrons with zirconium have been obtained using nuclear 
emulsion plates. The Northwestern University electrostatic 
accelerator was used with a tritium gas target to produce 
neutrons by H*(d,n)He‘*. The neutron beam was collimated by 
a two-foot stack of steel plates with a tapered hole, and the 
multiple plate camera was shielded by an 8-in. paraffine wall. 
The significance of these results in terms of the compound 
nucleus and direct interaction models will be discussed. The 
data, also, will be compared with the previous results' of the 
(n,n’) reaction for zirconium at 14.1 Mev. 

* Work supported by the U. S. Atomic Energy Commission through 
Argonne National Laboratory subcontract 


Tt On leave from Yonsei University, Seoul, Korea. 
1Se Hee Ahn and J. H. Roberts, Phys. Rev. 108, 110 (1957). 


Jill. Optical Model and the Correlated Nuclear Wave 
Function.* J. DaBRowsk1,t Institute for Advanced Study and 
University of Washington, AND J. J. Sawicki, Princeton Uni- 
versity and University of Washington.—Watson’s multiple 
scattering theory is applied to calculate the well depths of the 
nuclear optical potential. The nulcear ground state is repre- 
sented by a Jastrow-type wave function. The consequences 
of the Bethe-Goldstone equation for the correlation functions 
are considered. Our numerical results obtained for the case of 
a separable nucleon-nucleon interaction show that the effects 
of the correlations amount to corrections to the Fermi model 
case up to the order of 10% in the medium and high-energy 
The due to the 
multiple scattering appear to be important. In the case of 


range. evaluated corrections incoherent 
realistic two-body forces Galitski’s equation is applied. This 
equation relating the free scattering ¢ matrix to the ¢-matrix 
for the scattering in nuclear medium is solved by iterations. 
The effective single particle potential of Wada and Bey is 
applied. The real and imaginary well depths are computed 
for this case using the Fermi gas model. 


* Supported in part by the U. S. Atomic Energy Commission and the 
Higgins Scientific Trust Fund. : 
Tt On leave of absence from the Institute for Theoretical Physics, Warsaw, 


Poland. 


ALAGA,t 
Using the pairing force! between 3 


Ji2. Spectrum of Au'”.* Gayja 
Berkeley. 
protons in the s; and d; states and the conventional collective 


University of 
California, 


description of the neutron vibrations up to two phonons and 
applying the intermediate coupling scheme,? we have calcu 
lated the spectrum of Au’. Taking the difference between 
the single particle states from thallium the frequency of 
neutron vibration from lead and G~(25/A) Mev® for the 
strength of the pairing force, we obtain a fair description of 
the known levels in Au’? and predict higher excited states. 
In the calculation the near lying states with J = } and J =§ are 
inverted, which is not surprising in the approximation used. 
An attempt is being made to explain the differences in the 
Au!,196.19% spectra in terms of the quasi-particle description.'* 

* This research was supported by the U. S. Atomic Energy Commission 

t On leave from the University of Zagreb and Institute Rudjer Boskovic, 
Yugoslavia. 

1S. T. Belyaev, Kgl. Danske Videnskab. Selskab Mat.-fys 
No. 11 (1958). 

? D. C. Choudhury, Kgl. Danske Videnskab. Selskab Mat.-fys. Medd. 28, 
No. 4 (1954) 


> B. R. Mottelson, Lectures at the University of California 
1959) 


Medd. 31, 


terkeley 





SESSION K 


FRIDAY MORNING AT 9:00 


George 226 
(D. W. KeErstT presiding) 


Satellites and Other Topics 


Invited Paper 
K1. The International Geophysical Year—Some Results. J. KapLan, Univer 


Los Angeles. (30 min.) 


Contributed Papers 


K2. Flux and Energy of Charged Particles at 300- and 600- 
Mile Altitude.* A. H. ArmstronG, F. B. HARRISON, AND L. 
Rosen, Los Alamos Scientific Laboratory.—Nuclear emulsions 
have been used to study the charged particles near the lower 
radiation belt.! One stack, 22 in., was flown to a maxi- 
mum altitude of 750 miles, and spent 15 min above 600 miles, 
at a mean latitude of 9.5°N. The flux of nonrelativistic 
protons of energy >70 Mev is >50 cm sec™ sterad. The 
flux of electrons of energy >11 Mev is <5% of the above 
number. Another stack, 10X44 in., was flown approxi- 
mately 10 min near 300 miles altitude. The flux of non- 
relativistic protons of energy >70 Mev is «10% of that 
observed at 600 miles altitude. We wish to acknowledge the 
excellent cooperation of the personnel of the General Electric 
Ballistic Missile Division; the AFBMD; and the Redstone 
Arsenal (ABMA). 


* Work performed under the auspices of the U. S. Atomic Energy 


Commission. 
1Van Allen, Ludwig, Ray, and Mcllwain, IGY Satellite Series No. 3, 


73; Natl. Acad. Sci., Washington, D. C. 

K3. Fermi Acceleration of Electrons in the Outer van Allen 
Belt.* J. A. Crawrorp, University of California, Berkeley.— 
Interface instabilities associated with arriving and departing 
magnetic storm clouds generate a strong Fermi acceleration 
which “dumps” all van Allen electrons of the outer belt that 
are trapped on magnetic lines anchored in the earth. For this 
reason among others, the decay of albedo neutrons can account 
only for the inner belt which remains essentially undisturbed. 
This “‘sweeping’”’ action of storms suffices to explain the 
presence of a gap between the belts. Thus the exterior electron 
belt must initially be trapped in the closed magnetic loops 
left behind by the decaying storm. These loops decay in turn, 
depositing their radiation in the geomagnetic field. The 1-ev 
storm electrons originally trapped in the loops undergo a 
Fermi acceleration produced by the departing cloud. This 
leads very quickly to high energies and accounts satisfactorily 
for the radiation observed in the outer belt, collisions between 
electrons being duly taken into account in the complete 
Fokker-Planck equation. Thus it is unnecessary to assume 
that this radiation must be transported somehow from the sun. 

* Research supported by the U. S. Air Force Office of Scientific Research. 


K4. Charge on a Body Moving in an Ionized Atmosphere 
with Pervading Magnetic Field.* S. F. SINGER, University of 
Maryland, anv K. P. Cuopra, University of Southern Cali- 
fornia.—A body moving in an ionized atmosphere with a 
pervading magnetic field may acquire charge through collisions 
with ions and electrons, photoejection of electrons, and induced 
electric currents due to the motion across the magnetic lines 
of force. The phenomena have different behaviors at slow 
and fast speeds of the body. In the intermediate case, the 
calculations would be quite involved. A knowledge of the 
nature and amount of charge on a body is of interest in the 
problems concerning the dynamics of dust particles, meteors 
and meteorites, whistling atmospherics, and indeed the 
motion of artificial earth satellites. The relative importance 
of the various processes of charging under specified conditions 


rming simple 
principle of 


is discussed. Some insight can be gained by perf 
experiments in a wind tunnel. -The 
design of a method 
in progress at the University of Maryland 


low-density 
f estimating satellite charge (currently 
is briefly described 


* Supported in part by the U. S. Air Force Office of Scientific Research 


KS. Drag of an Artificial Earth Satellite.* Raymonp L 
CHUAN AND K. P. Cuopra, University of Southern California 
Recently the problem of drag on an artificial satellite has been 
taxing the curiosity of several authors 1 the text 
This paper discusses several physical processes which may 
contribute to the drag of an artificial for that 
matter, any body) moving in an ionized atmosphere with a 
pervading magnetic field. These processes involve electro- 
magnetic induction (induction drag), Coulomb scattering of 
charged particles (Coulomb drag), ionization ‘« d by the 
satellite drag), the em waves 
(wave drag), surface interactions with impinging particles 
(surface drag), etc., besides the neutral 
aerodynamic drag). An insight can be obtained by performing 
simple experiments in under 
specified conditions 


references i! 


satellite or 


(1onization ission of ma 


direct collisions 


a low-density wind tunnel 


* Supported in part by the U. S. Air Force Office of Scientific Resea 
K6. Refraction of Hydromagnetic Waves in the Geo- 
magnetic Field. M. I. GREEN, W. E. FRANCIS, AND ALEXANDER 
J. Desster, Lockheed Missiles and Space Di n.—It 
been suggested that the world-wide sudden commencement 
of magnetic storms are propagated around the earth by means 
These h 


has 


ydromagnetic 


d with the 


of longitudinal hydromagnetic waves.! 
waves are generated by the impact of the solar win 
earth’s magnetic field at a distance of about six earth radii 
on the sunlit hemisphere. The previous estimate! of the 
required for the wave to propagate around the earth is now 
considered to be in error since the ray path chosen violates 
Fermat’s principle of least time. In order to obtain a better 
estimate, the ray paths of hydromagnetic waves traced 
between points several earth radii distant and points im- 
mediately above the earth’s For si plic ity, the 
calculations were made for ray paths only in the 
plane. The hydromagnetic radial 
was calculated from the 1/r 
the ion density calculations of F. S. Johnson.? The 
for the waves to propagate between distant ‘points 
on the earth’s surface were then obtained by utilizi 
principle of least time and integrating the resulting nonlinear 
differential equation on an electronic computer 

1A. J. Dessler, J. Geophys. Research 63, 405 

2F. S. Johnson, kheed Missiles & Space D 


LMSD 49719 (April, 1959) 
3V. B. Gerard, J. Geophys. Resear 


time 


were 


surtace 
equatori il 
velocity vs distance 


field dependence and 


wave 
magnetic 
transit times 
and points 
g Fermat’s 


1958 


1959 


h 64, 593 


K7. Expansion of a Rarefied Gas into a Vacuum. Pau! 


Mo.tmup, Space Technology Laboratories 
a vacuum of a cloud consisting 
described. The analysis is based uy 
molecular flow. The 
into a vacuum of an 


The expans 
ot a finite am« t 
solution is obtai: 


instantaneo 
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initially having a Maxwellian velocity distribution. The 
solution is p= N(8/rt*)! exp( —8r*/f) where p is the density, 
N the source strength and 8=M/2kT. This solution is used 
to construct the solutions of other free expansion problems, 
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theory predicts a crater of spherical shape with the pene- 
tration less than the spherical radius. Results will be presented 
showing the crater volume as a function of kinetic energy, 
and momentum of the projectile. 


namely spherical and cylindrical gas clouds, as well as the 
expansion of a gas which originally occupied half space. 
Expressions may be derived for the momentum and energy 
flow of such clouds. The neglect of collisions in the expansion 
of a spherical gas cloud is valid so long as the initial mean 
free path of a molecule is much greater than the initial 
diameter of the sphere. The expansion of a gas cloud in front 
of a specularly reflecting plane surface is treated by the method 
of images. The transformation f/8 — 4Dt transforms a class 
of free molecular flow problems into diffusion and heat flow 
problems. 


K9. Experimental Observations of Overstable Cellular 
Convection.* Y. NAKAGAWA, University of Chicago.—The 
overstable (oscillatory) cellular convection which arises from 
thermal instability in a layer of mercury heated uniformly 
from below and subject to Coriolis forces has been studied. 
The observations have confirmed Chandrasekhar's theoretical 
predictions! regarding the wave number of the cells and of the 
characteristic period of the oscillatory motions. Further a 
detailed analysis of the movement of tracers has clearly 
illustrated the periodic reversal of the convective circulation 
and the hexagonal pattern of the convection cells. 


: : * Research supported in part by the Office of Naval Research. 
K8. Cratering and Jetting Phenomena due to the Impact 1S, Chandrasekhar, Proc. Roy. Soc. (London) A217, 306 (1953); S. 


of Mercury Spheres on Thick Plates. GERALD E. MELOY AND Chandrasekhar and D. D. Elbert, ibid. A231, 198 (1955). 
EarRLE B. MayrieLp, U. S. Naval Ordnance Test Station 
(introduced by Mr. William A. Allen).—Two millimeter 
diameter mercury spheres were impacted on aluminum plates 
twenty millimeters in diameter, by means of a moving target, 
stationary projectile system. The aluminum target was fired 
from a twenty millimeter smooth-bore cannon at velocities 
from 1 mm/ysec to 2 mm/ysec. Targets composed of 75 
ST-6 and 24 ST-6 aluminum were used to determine the effect 
of the strength of the material on the crater dimensions. The 
time position history of the mercury with respect to the target 
was determined by use of a variable time delay spark shadow- 
graph. The craters formed were at variance with those 
predicted by theory. The crater approximated a sphere with 
the penetration greater than the radius of the sphere, while 


K10. Peculiarity of Shock Impingement on Area Con- 
vergence.* A. K. OppENHEIM, P. A. URTIEW, AND R. A, STERN, 
University of California, Berkeley (introduced S. A. Schaaf). 
General study of wave systems which can result from the 
interaction of plane shock with an area convergence has led to 
the discovery of an interesting regime, specified in terms of 
functional relationships between shock Mach numbers and 
area ratios, where two or three solutions exist at the same 
time, all satisfying the dynamic boundary conditions imposed 
by the conservation laws. The ambiguity is resolved by in- 
voking the extremum principle of irreversible thermodynamics. 


* This work was supported by the U. S. Air Force through the Air Force 
Office of Scientific Research of the Air Research and Development Com- 
mand under Contract No. AF 49(638)-166. 


FRIDAY AFTERNOON AT 1:45 
Crawford 103 


(W. A. NIERENBERG presiding) 


Invited Papers on Radio-Frequency Spectroscopy II 


Ll. Overhauser Polarization Enhancements in Liquids. W. ANDERSON, Varian Associates. (25 min.) 

L2. Radio-Frequency Spectroscopy of Atoms by Optical Orientation. R. Novick, University of 
Illinois. (25 min.) 

L3. Induction-Type Experiments at Microwave Frequencies. A. M. Portis, University of California, 
Berkeley. (25 min.) 

L4. Spin Resonance Studies of Certain Sapphires. C. Kikucui, University of Michigan. (25 min.) 

L5. Some Novel Methods of Microwave Spectroscopy with Applications to Fine Structure Measure- 
ments. P. A. FRANKEN, University of Michigan. (25 min.) 


FRIDAY AFTERNOON AT 1:45 
Crawford 105 


(J. R. RIcHARDSON presiding) 


Invited Papers on High-Energy Nuclear Physics II 


M1. Photoproduction of Pions above 500 Mev. R. L. WALKER, California Institute of Technology. 
(15 min.) 

M2. Experiments on Pion Photoproduction with Polarized X-Rays. R. F. Moziey, Stanford Uni- 
versity. (15 min.) 

M3. An Approach to the Theory of Strong Interactions. S. MANDELSTAM, University of California, 
Berkeley. (60 min.) 

M4. Antiproton Interactions up to 1 Bev. T. YprsiLantis, University of California, Berkeley. (20 
min.) 


MS. Present Status of Muon Physics. V. L. TELEGDI, University of Chicago. (20 min.) 
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FRIDAY AFTERNOON AT 2:30 


Crawford 209 


(H. A. SHUGART presiding 


Solid-State Physics 


Nl. Electron Density in Aluminum Oxide Contaminated 
Flames. M. D. Pearson, O. W. Larsen, W. J. LINDER, AND 
C. W. Bow.sy, Boeing Airplane Company.—The electron 
density in oxygen-acetylene flames contaminated with 
aluminum oxide powder has been measured by means of the 
microwave attenuation technique of Belcher and Sugden.! 
The attenuation of 30000 Me radiation by the flame is 
measured at two frequencies, and electron density and collision 
frequency are calculated by the simultaneous solution of two 
equations expressing the attenuation as a function of fre- 
quency, electron density, and collision frequency. Attenuations 
of the order of 1.5 db per cm are measured when aluminum 
oxide powder is injected into the oxygen supply line at rates 
of from 10 to 40 grams per minute. From these measurements 
the electron density is 3X10" electrons per cm’ and the 
collision frequency is 8X10" collisions per second. 


1H. Belcher and T. Sugden, Proc. Roy. Soc. (London) A201, 480 (1950). 


N2. Kinetics of Crystallization on Surfaces. Ernst BAUER, 
U. S. Naval Ordnance Test Station.—The kinetics of crystal- 
lization on surfaces, which determines for instance the growth 
of thin films, is treated in a formal way, based upon the concep- 
tion of the extended' quantities. General expressions are 
derived for the grain size distribution, the total number of 
grains, and the differential and mean condensation coefficients. 
For a simple case the condensation coefficients are calculated 
and compared with recent experimental results.?.3 

1M. Avrami, J. Chem. Phys. 7, 1103 (1939) ; 8, 212 (1940); 9, 177 (1941). 


? Yang, Simnad, and Pound, Acta Met. 2, 470 (1954). 
3H. Walther, Z. angew. Phys. 10, 272 (1958). 


N3. Resistivity, Hall Effect, Electronic Specific Heat, and 
Superconductivity of Binary bcc Ti Alloys.* R. R. Hake, D. H. 
LESLIE, AND T. G. BERLINCOURT, Atomics International. 
Measurements between 1.1°K and 300°K on arc-melted 
bee Ti-Mo alloys indicate very high resistivities, near zero or 
slightly negative temperature coefficients of resistivity down 
to the superconducting transition temperatures in the vicinity 
of 4°K, and large, positive room temperature Hall coefficients. 
As Mo concentration is increased the superconducting 
transition temperature increases, the normal resistivity 
decreases, and the temperature coefficient of resistivity 
changes from negative to positive. Extrapolation of the data 
to zero atomic percent Mo indicates that for a hypothetical 
pure bcc Ti, p(300°K) ~180 uQ cm, p(4.2°K)~205 un cm, and 
p(~2°K) =0 (superconducting), in marked contrast to values 
for hep Ti. As suggested by Coles,' localized electronic spin 
states in bec Ti might account for the resistive anomalies via 
a spin-disorder scattering mechanism. The presence of intense 
localized lattice strains in these alloys is implied by the un- 
usually high fields required to restore normal resistance (an 
18.3 atomic percent Mo specimen exhibited zero resistance at 
1.2°K ina field of 30 kilogauss for a measuring current density 
of 34 amp/cm?), and the broad zero field bulk transition, 
covering a range of 0.6°K as indicated by the calorimetric 
measurements. 


S. Atomic Energy Commission. 
Ltd., London, 


* This work was supported by the I 
1B. R. Coles, Advances in Physics (Taylor and Francis, 
1958), Vol. 7, p. 40. 


N4. Experimental Determination of the Small Absorption 
Values in Semiconductor Films. W. F. Koreuier, LU’. S. Naval 


Ordnance Test Station precision 1 10d of obtaining the 
small absorption values beyond the absorption edge of 
When ysorbing film is 
evaporated onto a highly refle« 
the minima of the oscillatory reflection functi ire very se! 
tive to small 
matching a precisely measured minit 
with one of a ’ 
imaginary part of the complex index of refraction 
of k which yields the is used to calculate the ab 
sorption coeffi ient a accord g toa trk/d. The method will 


a semi 
conductor will be reporte« 


ting st trate the valu at 


amounts of absorption method consists of 
etncient 
lues of &, the 


Che value 


group calculated usi 
be st mat h 


reflection measurem«e nN amor- 
ited 


One possible interpretati of the 1 ilts 


be demonstrated by 
phous selenium which was evapor iluminized 
optical flat 
not only the usual optical energy 

the width of the conduction band 


vields 


gap but pa timate ol 


NS. Galvanomagnetic and Thermomagnetic Effects in 
PbTe. H. N. Leirer, M. R. Ext K. | 

KroGstaD, Lockheed Resear Laborator 

to understand the scatter 
semiconductors, 
tivity, Hall, and thermoelect: 
carried out in the temperature r 
The magnetoresistance dat 
previous work! and indi 

(111 
and the energ’ 
have been dete 
magnetic measurements (tr 
Ettinghausen effect) have 
temperature range. The « 


magnetoresista 


direction. The mag 
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rmined over 


relaxation time can be 
ments and agrees generally 
resistance measureme! 
the light of the 
dependence of 


1R.S. Allg 


N6. Thermal Power Measurements by Means of Pyro- 
electric Ceramic Transducers. T. A MATTES, 
Lockheed Mi and § 


investigation of primary 


PERLS AND B. | 


ceramics,' large disks of 
(PZT) were used in the 
rate. The current ger 
energy absorbed per 
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and 0.033+0.002 wa/w, respectively, by comparison with 
copper-disk-and-thermocouple calorimeter. 

Perls, Diesel, and Dobrov, J. Appl. Phys. 29, 1297 (1958) 

N7. Dependence of Equilibrium Properties on the Shapes 
of Particle Interaction Potentials. I. Effect of the Repulsive 
Branch. LesteR HAAR, Convair.—Several different forms of 
short-range potential functions frequently employed for inter- 
acting atomic particles are examined. We are particularly 
interested in the dependence of the thermodynamic properties 
of dilute systems on the shape of the positive potential energy 
regions, and calculations for different potentials are compared. 
It is shown that up to temperatures of the order of the particle 
dissociation energies the thermodynamic properties are rather 
insensitive to the positive potential energy region, and, in fact, 
a rigid sphere approximation for this part of the interaction 
potential would not result in errors larger than a few percent 
in calculated second virial coefficients. 


N8. Intensities in the Optical Absorption of Cuprous 
Oxide.* P. W. BAUMEISTER AND F. A. JENKINS, University of 
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California, Berkeley.—The absorption of thin polycrystalline 
slabs of Cu,O at 295°, 77°, and 4.2°K has been measured with 
a single-beam recording grating spectrometer. At 4.2° absorp- 
tion begins to rise at wave number ¢o=16510 cm™. Until 
about 16 900 cm~'! the absorption coefficient a, relative to its 
value below 16 510, is closely represented by 4.8 (¢@ —16 510)# 
cm. At still higher frequencies a rises more rapidly, reaching 
the value 276 cm™ at the peak of the K =2 line of the yellow 
series of exciton lines. After the indicated background correc- 
tion is applied, the ratio of the integrated absorption of the 
K =3 and K =2 lines is found to be 0.35. This ratio, as well as 
the square root frequency dependence of the continuous ab- 
sorption, are in satisfactory accord with the theory of Elliott. 
This agreement, and the absence of the line K = 1, indicate that 
indirect transitions to exciton levels are involved. At 77°K, 
the continuous absorption shows an additional component, so 
that a=a;+a2, with a;~(e—16 200)' and ae~(o— 16 430). 
The indicated phonon temperature of 150°K agrees with the 
ratio of az to aj. 


* Research supported by the National Science Foundation. 
1R. J. Elliott, Phys. Rev. 108, 1384 (1957). 


FRIDAY AFTERNOON AT 2:00 


George 226 


(J. R. PELLAM presiding) 


Magnetchydrodynamics 


Ol. Thermodynamic Properties of Fluid Flow across 
Magnetic Field I.* K. P. Cuopra, University of Southern 
California (introduced by H. T. Yang).—This paper deals 
with the study of the various thermodynamic quantities like 
internal energy, enthalpy, entropy, etc., involved in the in- 
vestigation of the flow of a conducting fluid in the presence of 
a uniform transverse magnetic field. The analogs of Rayleigh 
and Fanno lines readily follow from the basic equations. It is 
shown that in the presence of a transverse magnetic field, the 
internal energy and enthalpy of an electrically conducting 
fluid, obeying perfect gas equation, depend (unlike in ordinary 
fluid-flow thermodynamics) on its density and the strength of 
the magnetic field. The entropy and the specific heat at con- 
stant volume do not seem to be affected by the presence of the 
magnetic field. The behavior of specific heat at constant pres- 
sure depends on which of the gas and the total pressure is kept 
constant. A transverse magnetic field reduces the specific heat 
at constant gas pressure and the corresponding adiabatic con- 
stant by a factor proportional to the ratio of the magnetic 
pressure to the gas pressure. However, if the total (gas plus 
pressure is kept constant, the magnetic field has no 
held on velocity of 


magnetic 
effect. Lastly, the effect of the magneti 
sound and the Mach number is discussed. In the limiting cases 
of weak and strong magnetic fields, the velocity of sound 
reduces to the ordinary sonic speed and the Alfvén speed 
respectively. 


* Supported in part by the U. S. Air Force Office of Scientific Research. 


O2. Propagation of a Plane Normal Shock Wave in a Gas 
Mixture of Two Kinds of Charged Particles in the Presence 
of a Transverse Magnetic Field.* INDERJIT SINGH, Oil and 
Natural Gas Commission, Government of India, AND K. P. 
CuHopra, University of Southern California (introduced by 
H. T. Yang).—The propagation of a shock wave in a gas 
mixture sets up diffusion and causes a change in the composi- 


tion of the fluid. The effect of diffusion on the propagation 
properties of a shock wave in the presence of a transverse 
magnetic field forms the subject matter of this paper. Trans- 
verse (induced by magnetic field) and thermal diffusions have 
been ignored for simplicity. Expressions for the composition 
parameter, and pressure, density, and velocity ratios are ob- 
tained. Chief conclusion is that the presence of a transverse 
magnetic field narrows down the range of values for the density 
ratio. The analysis is suggestive of the contribution of diffusion 
to the structure of the shock front. However this conclusion 
is not established to finality. 


* Supported in part by the U. S. Air Force Office of Scientific Research 

O3. Depletion of Slow Electrons in Plasma Heating by 
Energetic Ions. C. B. SHAaw, Jr., Hughes Aircraft Company. 
Energetic ions passing through a plasma lose energy by 
Coulomb interaction with those plasma electrons whose speed 
is less than that of the incident ions.‘ Comparison of the ion- 
electron and electron-electron relaxation times, as usually 
calculated for small deviations from the Maxwell distribution, 
indicates that inter-electron collisions will distribute the in- 
cremental energy acquired by the slow electrons among all 
plasma electrons so rapidly that the electron velocity distribu- 
tion will remain essentially Maxwellian while the plasma tem- 
perature increases. However, W. I. Linlor has suggested, and 
given various arguments to indicate,’ that this need not be 
the case for an ion flux sufficiently great in comparison with 
electron density. An investigation has therefore been made of 
the conditions under which an appreciable depletion of the 
slow-electron population would occur. No restriction to small 
perturbations of the Maxwell distribution was imposed in this 
analysis. 

1S. Chandrasekhar, Astrophys. J. 97, 255 (1943); L. Spitzer, Jr., Physics 
of Fully Ionized Gases (Interscience Publishers, Inc., New York, 1956) 


2 L. Spitzer, reference 1, Chap. 5. 
*W. |. Linlor (private communication). 
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O04. Piezoelectric Measurements in Fusion Research.* 
MartTIN O. STERN, General Atomic.t—In high-density high- 
current discharges in connection with our thermonuclear re- 
search program it is desirable to measure the material pressure 
directly. How a piezoelectric device can be constructed and 
calibrated to accomplish this will be described. Attempts to 
measure material pressure directly with piezoelectric devices 
have been made in Russia,! but methods and results have not 
been reported in complete detail. Our device consists of a fused 
quartz acoustic line open at both ends. One end is immersed 
in the plasma. The line is interrupted at some intermediate 
point for insertion of a thin piezoelectric wafer cut for thickness 
vibration. The ends of the acoustic line adjoining the wafer 
are coated with thin metallic layers, before being glued to the 
wafer. The signal from the piezoelectric is transmitted in co- 
axial geometry from these layers to an oscilloscope. For cali- 
bration a thin metal disk is temporarily attached to the input 
end of the acoustic line. This end is inserted in a coil through 
which a high current of short duration is discharged, causing a 
pressure pulse to travel down the line through the piezoelectric. 

* This work was done under a contract between General Atomic and the 
Texas Atomic Energy Research Foundation. 

t John Jay Hopkins Laboratory for Pure and Applied Science, General 
Atomic Division of General Dynamics Corporation, San Diego, California. 

1A. M. Andrianov et al., Proceedings of the Second International Conference 


on the Peaceful Uses of Atomic Energy (United Nations, Geneva, 1958), Vol. 
31, p. 348, P/2301 USSR. 


OS. ‘Observations on a Shock-Heated Deuterium Plasma 
Compressed by an Axial Magnetic Field.* W. E. Quinn, E. M. 
LittLe, G. A. SAWYER, AND T. F. Stratton, Los Alamos 
Scientific Laboratory—The Scylla plasma _ experiment!? 
employs a rapidly rising magnetic field in a cylindrical mirror 
geometry to heat a deuterium plasma. Emission of neutrons 
and x-rays has been observed! and is suggestive of an ap- 
preciable plasma temperature. Streak camera photographs 
which show the space and time evolution of the electrodeless 
discharge have been obtained. Magnetic probe measurements 
in the plasma region were made. The neutron yield was severely 
reduced by the perturbing effect of the probe. The magnitude 
and time distribution of the neutron emission will be compared 
for magnetic compression fields with and without mirror 
geometry. In addition a new Scylla device which employs the 
same 100-kv capacitor bank? as the initial Scylla experiment 
but has an additional 20 kv, 140 kilojoule capacitor bank to 
extend the magnitude and time scale of the magnetic compres- 
sion will be discussed. 

* Work performed under the auspices of the U. S. Atomic Energy 
Commission, 

1 Elmore, Little, and Quinn, Phys. Rev. Letters 1, 32 (1958). 

2 Boyer, Elmore, Little, and Quinn, Proceedings of the Second United 
Nations International Conference on Peaceful Uses of Atomic Energy (United 
Nations, Geneva, 1958), Vol. 32, p. 337. 
uss Little, Quinn, Sawyer, and Stratton, Phys. Rev. Letters 2, 518 


O06. Trapped DDT Waves in Card-Cap Method. R. B. 
Cray, M. A. Cook, R. T. KEyYEs, AnD O. K. SHupE, University 
of Utah (introduced by Thomas J. Parmley).—Detonations 
reform via the DDT (deflagration to detonation transition) 
through barriers (SPHF plates) from donor charges in time r 
and at distance S; into the receptor charge, where S2/r=C 
—acoustic velocity.! But when L,<S2 (L,=receptor length) 
no DDT occurs.? Here, however, the discovery was made that, 
with metals on the ends of receptors of length S./2<L,<S2 
to reflect the DDT wave, the DDT occurred at the time r 
characteristic only of the donor-SPHF system and at distance 
y =2L,—S: from the SPHF plate. Using L, <.S:/2 and a metal 
plate on the end of the receptor for wave reflection no DDT 
occurred with glass SPHF’s. But DDT’s occurred with glass- 
backed for reflection by metal-SPHF'’s again at r determined 
by the donor-SPHF system, and at y=S:—2L,. In all cases 
the trapped DDT wave thus traveled in total the distance 
S:= Cr before initiating the DDT. Finally, when donor-SPHF 
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systems were used on each end of receptors of length S.<L, 
<2S_ two DDT’s were observed each fulfilling the condition 
S2/7 =C and each knowing its own donor! Photographs of these 
phenomena are presented and discussed in terms of the two 
theories extant of the card-gap test 

1Cook, Pack, Cosner, and Gey, 
J. Appl. Phys. (to be published) 

2 Cook, Pack, and Gey, Seventh Symposium (International) on C 
tion (1959), p. 828, Fig. 9. 


“The instrumented card-cap test,” 


ymbus 


O07. Metallic Catalysts for Detonation-Generated Plasmas. 
M. A. Cook, D. H. Pack, AnD W. S. McEwan, University of 
Utah.—Detonations high plasmas by 
chemionization in the reaction zone! and these plasmas, ejected 
into surrounding gaseous media, exhibit phenomenal stability. 
Their formation has been studied in the DDT (deflagration to 
detonation transition) using the ‘‘SPHF-plate’’ method, in- 
strumented by ultra-high speed, color photographic, and elec- 
trical probe methods.'~* In the SPHF-plate method one ob- 
serves the various phenomena associated with the DDT ina 


generate density 


receptor charge separated from the donor by the SPHF plate. 
Here glass SPHF plates were employed and the influence of 
thin metal foils on the receptor surface of the glass studied 
The time 7 required for the DDT and the distance S, 
receptor charge where it occurred (S2/7 =acoustic velocity in 
the receptor'*) were found to be remarkably influenced by the 


into the 


metal-foil catalysts, r and S2 being reduced sometimes to less 
than 0.2 their values in the corresponding uncatalyzed system. 
This paper describes experimental results of the metallic 


catalysis of these plasmas and presents an interpretation in 
terms of ‘“quasi-metallic’’ model 


1M. A. Cook, The Science High Expl 
Corporation, New York, 1958) 

2 Cook, Pack, and Gey, Proc. Roy. So« 

* Cook, Pack, and Gey, Seventh Sym; 
tion (1959), pp. 820 

4Cook, Pack, Cosner, and Gey, 
published) 
I 1958) 


J. Appl. Phys. (to be 
5M. A. Cook and W. S 


O8. Ion Plasma Oscillations Induced by a Supersonic 
Charge. S. Ranp, Convair.—A particle treatment is applied 
to a study of the ion plasma oscillations behind a charged body 
moving supersonically through a low-density plasma. For the 
case of a body whose dimensions are considerably smaller 
than a Debye length, a formula is obtained such that with two 

with an 
effective specific heat ratio of 2, are and the 
results of the linearized Boltzmann equation, without collisions 
and with Landau damping absent, are obtained in the other 
case. This latter omission results from the neglect of the effect 
of ions moving with the phase velocity of the potential wave 
For the case of a disk whose radial dimensions are much 
larger than a Debye length, the ion and electro 
increased above their ambient values. Formulae for the electro- 
hydrodynamic drag on a wire an on a large disk 


alternate approximations, the fluid dynamics results, 


found in one case, 


densities are 
ire obtained. 


O9. Ionization World Lines in Gaseous Predetonation.* 
GeEorGE J. Hecut,f A. J. LADERMAN, R. A. STERN, AND A. F. 
OPPENHEIM, University of California, Berkeley (introduced by 
Roger Wallace).—The techniques and apparatus required to 
extend the use of “‘pin or gap” detectors to 
yield reliable timing signals throughout the predetonation 
zone in detonation tube research mixtures is 
fully described. Accurate timing sig1 me provide 
direct data for a recent analysis by Oppenheim and Stern! of 
the events leading up to detonation. Their anal 
on the space-time history or “world lines’’ of 
shocks, rarefactions, and contact discontinuities 
tion of the mechanisms of ionization in the predetonation zone 


type ionizatio1 


with gaseou 
ils in this z 


sis rests solely 
flame fronts, 

\ considera- 
is presented and it is shown that flame induced ionization can 
be distinguished unambiguously from that due to shocks on 
the basis of pulse amplitude of the signals appearing at the 
detectors. Design and construction of the probes, amplifier- 
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thyratron timing channels, and operational requirement are 
presented. Precision of the apparatus is shown to be better 
than 2% throughout the entire predetonation zone. Experi- 
ments with He-O» mixtures are described and the results shown 
to yield the flame world line. 

* This research supported by the U. S, Air Force, through the Air Force 
Office of Scientific Research of the Air Research and Development 
Command. 


tT Present address: Shell Development Company, Emeryville, California. 
1A. K. Oppenheim and R. A. Stern, Combustion Symposium (1959). 


010. Experiments on Reverse-B, Pinch Stabilization. L. C. 
BURKHARDT AND R. H. LovBEerG, Los Alamos Scientific 
Laboratory.—An attempt has been made to give complete 
hydromagnetic stability to a linear pinched gas discharge by 
applying a longitudinal magnetic field external to the dis- 
charge current, and directed oppositely to the stabilizing B, 
field in the discharge core.'* For each set of field parameters 
used, the pinch was mapped with magnetic probes to deter- 
mine if the Suydam necessity criterion! had been met. For 
deuterium pinches, it has proved impossible, within the 
machine capabilities, to satisfy the criterion, since the increase 
in shear of the fields, which has a stabilizing influence, is 
accompanied by an increased peaking of the plasma pressure 
distribution at the current shell radius, and the negative 
pressure gradient at the exterior of the pinch is increased, thus 
removing stability. An argon pinch of the same mass density 
has been made to satisfy the necessity criterion, however. This 
is possible through reduction in plasma pressure by radiation 
losses from the argon. Nevertheless, a fluttering of the plasma 
shell persists. 

1B. Suydam, Proceedings of the Second International Conference on the 
Peaceful Uses of Atomic Energy (United Nations, Geneva, 1958), A/Conf. 


15/P/1364. 
2M. N. Rosenbluth, reference 1, A/Conf. 15/P/1074. 
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O1l. Charge Excitation of Plasma Motion in a Magnetic 
Field.* R. PAprpert, Convair.—The wake of a charged body 
traversing a low density plasma of vanishing ion temperature, 
in a constant external magnetic field, is investigated by 
combining the developments of Kraus and Watson! and 
Bernstein.? The speed of the exciting charge is taken to be less 
than the rms thermal speed of the electrons and its dimensions 
are assumed small relative to the electron Debye length of the 
plasma. The magnetic field is taken along the direction of 
motion of the exciting charge. One of the effects of the mag- 
netic field is the production of oscillations of both the charge 
density and the potential. Over some regions of space the 
frequency of these oscillations is approximately equal to the 
ion cyclotron frequency. 

* This work was supported by the Office of Naval Research. 

1L. Kraus and K. M. Watson, “Plasma motions induced by satellites 


in the inosphere,"’ Convair Report ZPh-016 (March, 1958). 
21. Bernstein, Phys. Rev. 109, 10 (1958). 


O12. Theory of the Stagnation-Point Langmuir Probe.* L. 
TaLsot, University of California, Berkeley.—A theory is 
developed for a Langmuir-type probe consisting of a collecting 
electrode placed at the stagnation point of a blunt body 
immersed in a supersonic, partially ionized stream. It is 
shown that under certain conditions, the stagnation-point 
boundary layer equations and the probe sheath equations can 
be solved together to yield potential versus current relation- 
ships which permit the free stream ion and electron densities 
and temperatures to be measured by such a probe. It is also 
shown that the stagnation-point heat transfer will vary with 
probe potential, thus providing additional information useful 
in plasma jet diagnostics. 

* This work was supported by the U. S. Air Force Office of Scientific 
Research. 
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Mexico. (30 min.) 
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P5. Cosmic-Ray Neutrons and the Van Allen Radiation Belt. Wi_mor N. 


California, Berkeley. (30 min.) 


Hess, University of 
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Low-Energy Nuclear Physics 


Ql. Linear Relation for the Binding Energy of Nuclei up 
to Mass Number 60. Leonarp S. Levitt, Stevens Institute of 
Technology.—It is unrealistic to say that the binding energy 
per nucleon for the deuteron is 1.11 Mev, since the neutron 
and proton are each bound one to the other by 2.22 Mev. One 
should, instead, calculate the average binding energy per 
added nucleon, assuming one original nucleon for each nuclear 
species. On the basis of the plot of A vs Eg/(A —1) instead of 
Ep/A, a new binding energy curve is constructed which 
clearly illustrates the great stability of He* by its unique 
position above the entire curve (9.43 Mev/added nucleon, 
compared to 8.95 for Fe®*). Except for He‘, then, the curve for 
1<A <60 is a rectangular hyperbola represented by the 
equation Eg = B(A —1)?/(a+A), where a and B are empirical 
constants. This expression can be cast into linear form by 
rewriting it as (A —1)*/Eg=a/B+A/B. Thus the plot of 
(A —1)*/Ez vs A is nearly a perfect straight line with slope 
1/B, and intercept a/B. Evaluation of the constants gives 

=1.41 and B=9.41 Mev, the same value as Ez/(A —1) for 
He‘. The binding energies of all other nuclides up to A =60 
are therefore given by Es=Ez ne)(A —1)?/(3)(1.41+A4) 
=9.41(A —1)?/(A +1.41). 


Q2. Least-Squares Analyses of the Standard and General- 
ized Semiempirical Mass Laws. Forrest Mozer, Lockheed 
Missiles and Space Division and California Institute of Tech- 
nology.—Least-squares analyses have been performed on a set 
of atomic masses using standard and generalized semiempirical 
mass laws. Presumably because of errors in the assumed form 
of the standard mass law, its least-squares coefficients can be 
determined at best to an accuracy of about 10%, and masses 
are predicted with an uncertainty of several Mev/c®. The 
standard mass law has been generalized by addition of two 
shell effect terms. Although the least-squares fitting of the 
generalized mass law is better than for the standard mass law, 
it is still not possible to predict quantitatively atomic masses 
to an accuracy better than a few Mev/c?. The nuclear deforma- 
tions and the well depth of the nuclear interaction obtained 
from the additional mass law termis are in reasonable agree- 
ment with more accurate determinations by other methods. A 
similar statement applies to the nuclear radius constant as 
obtained from the least squares coefficient of the Coulomb 
energy term. A study has also been made of the effects of 
additional terms proportional to the absolute value of the 
isotopic spin, exchange and surface corrections to the Coulomb 
energy, and the surface correction to the normal isotopic term. 


Q3. Energy Levels in Ca**. R. D. SHarp, L. F. CHAsE, JR., 
AND R. M. FriepMAN, Lockheed Missiles and Space Division. 
Thin targets of potassium iodide enriched in K*! to 86.8% have 
been bombarded with protons in the energy range from 2.3 to 
3.5 Mev, and the excitation functions of the two most promi- 
nent gamma rays have been measured. Coincidence measure- 
ments indicate that these gamma rays of 1.00 Mev and 2.16 
Mev originate from the K*(p,p’y) and K*'(p,ay) reactions, 
respectively. Both excitation functions show many resonances, 
most of which are only partially resolved, corresponding to 
excited states in the nucleus Ca® in the range of excitation 
12.6 to 13.8 Mev. The energies and 90° peak yields of approxi- 
mately 50 of these states will be presented, as well as estimates 
of the partial width ratios and the level density in this region 
of excitation. 


A. Moor! KRUM- 
Naval Postgraduate 
y S*4 betweer 
bombarding 
Graaff 


targets 


Q4. S*4(p,y)Cl* Reactions.* J 
WIEDE, AND E. A. MILNE, United States 
School.—The resonances for proton absorption b 
E, of 800 and 1950 kev 
targets of CdS with a proton beam from a Van de 
accelerator. Both S*-enriched and natural 
were prepared by vacuum plating CdS upon a ta: 
The gamma yield from the bombardment was observed by a 
2-in. X2-in. well-type scintillation crystal, placed 
target. By comparing yields from S*-enriched and natural 
isotopic targets, the due to S*(p,7)Cl* were 
determined. The observed S*4( p,7)Cl** resonans in kev, and 

3 rhe 
1860 kev, 
ippeared, but 


were investigated by 


isotopic 


talum base 
over the 


resonances 


es ll 
relative amplitudes were 1015, 1.5; 1206, 13.5; 1523, 4.5. 


1697, 
may 


1810, and 
h ive 


low 1370, 1610. 
reported by Hanscome and Malich,! 
they were not sufficiently resolved for « 


resonances at 


onclusive confirmation 


* Supported in part by the Office of Naval Researcl 
1T. D. Hanscome and C. W. Mal Phys. Rev. 82, 304(A) (1951 


KNIPP, 
School 


Q5. S**(p,~)Cl** Reactions.* A. H. GAEHLER, A. | 
Jr., AND E. A. MILNE, United States Naval Postgraduate 

The S*(p,7)CI* reaction studied in the 
range of 1100 to 1550 kev by bombarding CdS targets enriched 
to 22%S5S 
tor. The gamma-ray yield, obtained by means of a 2 in. X2 i 
well-type scintillation counter, was compared to the yield 
from natural isotopic target tributed to 
S33 occ urred at 1152 kev, 
1456 kev, and 1525 kev 


* Supported in part b 


has been energy 


* with a proton beam from a Van de Graaff accelera- 


1434 kev, 


Q6. Complex Positron Spectrum of the 16.1-Day Isomer of 
Rhodium-99.* C. W. Town.ey, J. D. KurBatov, anp M. H 
KurBATov, The Ohio State University he positron spec 
was investigated with a thick lens ctrometer and 
scintillatic 
purified sample of Rh®? w 
of 86.9% Ru 
data gave a 1.03+0.01 Mev 


obtain 


trum 
1 crystal 
1 coincidence spectrometer rrier free chemically 
ictivation! 
enriched idence 
idditional 

spectra were vi 0.71+0.01, 
0.59+0.01, 0.42+0.02 and, ir low I region, a less 
certain spectrum of u.e.1., 0.31 Me ;amma-beta coin 
yielded the following results: coincidenc ith kev gamma 
rays gave a complex spectrum wh was olved into three 
simple spectra; 0.715, 0.590 0.444 Mev 
Coincidences with the 349-ke¢ 
0.59 and 0.41+0.02 Mev 


was not obs« 


positron 


idences 


u.e.l 
i g two spectra; 


ma ra’ 
he 1.03-Me 1.e.1. spectrum 


th the 90-kev gamma rays 
ys to the 
of the 


round state 


rved ir 
or any other gamn 
ground state of Ru® lis would place h und state 
16.1-day isomer 
of Ru” 

* Work performs nder the S es of the < t Energy 
Commissior 

1 Activation done in the tr f the I t f Washington, 
Seattle. The co 1 gratefully 
acknowledged 


Q7. Radiative Capture of Deuterons by H*.* J. H. Coon 
AND R. W. Davis, 1 llamos Scientific I tory The 
emission of Mev gamma ra‘ has bee bserved 
thick 


Presumably the gamma ravs aré 


16.7 from 


tritium bombarded by 470-kev de 


mduced by the de-ex 


targets ol iterons 


itation 
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of He® from a known J =3/2 


the ratio of the yield of the gamma rays to that of the neutrons 
from H(d,n)He* is about 210- > at both 0° and 90°. This 
yield is the same order of magnitude as that observed! from 
the mirror reaction He*(d,y)Li*. A rough estimate reported by 
Sawyer and Burkhardt? of the yield ratio to be expected from 
H3(d,y)He® and H*(d,n)He*t is ~2X10~4, ten 
served yield presently reported. It is hoped that the experi- 
mental methods developed for this measurement will make 
possible an investigation of unknown features of the level 
structure of He® and Li!. 


state. Preliminary data indicate 


times the ob- 


* Work performed under the the U. S. Atomic 
Commission 
! Blair, Hintz, and Van Patter, Phys. Rev. 96, 1023 (1954 


2G. A: Sawyer and L. C. Burkhardt, Phys. Rev. 98, 1305 (1955) 


auspices of Energy 


, Q8. New Level at 6.3 kev in Ta’’.* Artnour H. Murranb 
FeLtix H. Boru, California Institute of Technolagy.—A new 
level at 6.3 kev has been found in the Ta'® levels which 
are populated by the electron capture decay! of W'™ and by 
the beta decay? of Hf'*'. Data taken with a low-energy 
180° 8-ray spectrometer using a W!* source show conversion 
lines that are interpreted as the M-shell conversion of a 6.3-kev 
transition. The corresponding y ray has been observed with an 
argon proportional counter. Intensities and conversion coeff- 
cients will be reported. A coincidence experiment has shown 
that previously reported? 476.0- and 482.0-kev transitions in 
la'® from the Hf!*! 
speculated. The most plausible alternative is that the 476-kev 
transition proceeds from the 482-kev level to a level at 6 kev. 
Direct evidence of a 6.3-key 
intensity in the Hf'*! decay 


decay are not in cascade as had been 


transition of extremely weak 


is also found 


* Work performed under the auspices of the U. S. Atomic Energy 
Commission. 
1P,. Debrunner e al., 


Helv. Phys. Acta 29, 235, 432, 
Bisi, Terrani, and Zappa, Nuovo cimento 1, 651 (1955). 
?F. Boehm and P. Marmier, Phys. Rev. 103, 342 (1956) 


tELS Frankel, Phys. Rev. 106, 755 (1957) 


463 (1956) and 


Snyder and S 


Q9. Experimental Lifetimes of Positrons in Metals. G. 
JONES, University of British Columbia.—Positron lifetimes in a 
variety of metals have been measured using a time sorter’ of 
10-"'-sec_ stability the day. The absolute 
lifetime of aluminum was obtained by two 
methods. Comparison to prompt gamma rays from Co: by 


over course of a 


positrons in 


employing this standard technique, estimates of the first two 
moments of the distribution 
obtained. An analysis based on simple exponential decay 
yielded a value for the mean life of (2.40+0.15) 107!” 
Comparison to prompt annihilation gamma rays from positron 
In this method, the side channel energy selectors of 
both counters are 
peak of the Compton distribution for annihilation gamma 


annihilation functions were 


seconds. 


decay : 


set on a narrow band of energy near the 
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rays. In this way, a value for the variance of the annihilation 
distribution function is obtained, corresponding to a mean 
lifetime which agrees within experimental error with the value 
quoted above. Lifetimes in the following metals were obtained 
by comparison with aluminum, for which the value is taken 
as 2.40107" sec. Co(2.10), Cu(2.34), Au(2.52), Fe(2.07), 
Pb(2.40), Ag(2.30), Sn(2.54), mica(3.17), W(2.01) (+0.1, in 
units of 107° sec). 

' J. B. Warren and G. Jones, Bull. Am. Phys. Soc. Ser. II, 3, 327 (1958). 

Q10. Gamma Rays from SI**(py). J. J. SinGu, University 
of Kansas.—A study of the reaction Si?*(p,y) has been made at 
a number of resonances in the proton energy range of 400 kev- 
1100 kev. Pulse-height spectra were investigated at all the 
Experimental evidence proving the 
existence of two close-lying states at 685 kev and 708 kev is 
discussed. Weak ground-state transitions were observed only 
at 414-kev, 696-kev, and 956-kev resonances. At these as well 
as other resonances, various cascades leading through well- 
established levels in P*® have been identified. Attempts to 
establish the rotational character of some of the states will be 


prominent resonances, 


discussed. 


Q11. Equilibrium Electronic Charge Distributions for Heavy 
Ions.* HARRY H. HECKMAN, Epwarp L. HuBBARD, Betty L. 
PERKINS, AND WILLIAM G. Simon, University of California, 
Berkeley..-We are measuring the equilibrium distributions 
of electronic charge states of C", O'*®, and Ne*® ions that have 
traversed thin foils of Zapon at energies between 2.5 and 
10 Mev/nucleon. The 10-Mev/nucieon beam of the hilac is 
degraded, as necessary, by aluminum foils, collimated, and 
magnetically analyzed. The final collimator is a slit 0.040 in. 
(adjustable) by § in., placed about 18 ft from the analyzing 
magnet. The Zapon foil is positioned immediately behind this 
slit. After penetrating the foil, the beam (originally in a 
unique charge state with a spread in momentum 1%) is 
reanalyzed into separate charge states in a 22-in. magnetic 
spectrometer. The beam enters and leaves the magnet radially. 
lo detect the particles, we place normal to the beam and along 
the circumference of the magnet a 1.5-in.-wide strip of acetate- 
backed 200-4 C.2 emulsion. Estimates of the total number of 
ions in each charge group are made by counting the vertical 
tracks under high magnification. The method permits meas- 
urements of relative intensities through five orders of magni- 
tude to a statistical accuracy of a few percent. Preliminary 
results have been obtained for O'*, and the C"™ and Ne®® data 
are now being taken. Zapon foils of 80 wg/cm? are used to 
produce the equilibrium distributions, although for O'* at 
4.0 Mev 


are observed for thicknesses 20 wg /cm? and greater 


nucleon no detectable differences in the distributions 


* Work done under the auspices of the U. S. Atomic Energy Commission 
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R1. Recent Studies of Cosmic-Ray Neutrons. SERG! 


A. Korerr, New York University. (30 min.) 


High-Energy Nuclear Physics 


R2. Polarization of Recoil Protons in x° Photoproduction.* 
V. Z. Pererson, California Institute of Technology, AND J. 
FRIEDMAN AND H. KENDALL, Stanford University.—The 


polarization of the recoil protons from the reaction 7 +p — p 


+° has been determined from the asymmetry in scattering of 
the protons within nuclear emulsion. The 650-Mev electron 
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beam of the Stanford linear accelerator produced brems- 
strahlung in a 0.011-in. copper radiator prior to the liquid 
hydrogen target; the electron beam also traversed the hydro- 
gen. The protons were momentum-analyzed by a 180° double- 
focusing magnetic spectrometer.! The momentum resolution 
was 3% at 540 Mev/c. Proton laboratory angles of 43.5° and 
33.0° were chosen to investigate polarization produced by 
photons of 585 Mev and 450 Mev with photon energy resolu- 
tion of about 20 Mev. The spread in angle of the protons 
entering the emulsion is +1°. This makes it possible to meas- 
ure the degree of polarization by the procedure of Feld and 
Maglic.? We have used their value for the analyzing power of 
emulsion; namely, 0.62 for scatters between 6° and 12°. The 
polarization at 450 Mev is iow; later results on this and the 
585 Mev value will be presented. Contamination by protons 
inelastically scattered by electrons should be less than 3%. 
The proton’s magnetic moment is rotated by the 180° spec- 
trometer so that it is again perpendicular to the direction of 
proton motion as it enters the emulsion. 

* This work was supported in part by the U. S. Atomic Energy 
Commission. 


1 E,. E. Chambers and R. Hofstadter, CERN Symposium 1956, Vol. 2. 
2B. T. Feld and B. C. Maglic, Phys. Rev. Letters 1, 375 (1958). 


R3. Complete Determination of Polarization for a High- 
Energy Deuteron Beam. JANICE ButTron, University of 
California, Berkeley—Measurements have been made, by 
double scattering, of all parameters necessary to describe 
completely the interaction of the deuteron with complex 
nuclei. Deuterons of 410 and 420 Mev were scattered from 
beryllium and carbon, respectively. Tensor components of 
polarization, which characterize the scattering of spin-one 
particles and which were unobservable at low energies, were 
determined to be appreciably different from zero. The usual 
vector spin polarization normal to the plane of scattering was 
found to reach a maximum of about 70%. The impulse 
approximation was employed to obtain estimates of deuteron 
cross section and polarization on the basis of nucleon scattering 
data. 


R4. Strange-Particle Production in Antiproton Annihilation 
Events.* SuLAMITH GOLDHABER, WILLIAM B. FowLer, 
GERSON GOLDHABER, T. F. HOANG, WILSON M. POWELL, AND 
REIN SILBERBERG, University of California, Berkeley.— 
Antiproton interactions and annihilations at a p momentum 
of 1.1 Bev/c have been studied in the L. R. L. 30-in. propane 
chamber ; 22 000 pictures were taken in an enriched p beam.! 
About 2500 p annihilation events were observed in the 
central region of the chamber. In about 130 annihilation 
stars, strange particles were produced that were observed to 
decay in the chamber. The strange-particle production has 
been measured by analyzing the charged decay modes of 6; 
mesons emitted in the annihilation. We deduced from these 
events the total number of strange particles produced. 
Corrections for absorption of @ mesons in the carbon nucleus 
have been made. To date, about 45 events with one @; meson 
have been observed and 6 events with two 6; mesons. Compar- 
ing this number with strange-particle production from 
annihilation events at rest and at relatively low p energies,” 
we find an appreciable increase in the strange-particle produc- 
tion. The implication of these results on proposed statistical 
models will be discussed. 

* This work was done under the auspices of the U. S. Atomic Energy 
Commission. 

1 Alvarez, Eberhard, Good, Graziano, Ticho, and Wojcicki, Phys. Rev. 
Letters 2, 215 (1959). 

2? Chamberlain, Goldhaber, Jauneau, Kalogeropoulos, Segré, and Siiber- 


berg, Phys. Rev. 113, 1615 (1959); and L. Agnew (Lawrence Radiation 
Laboratory) (private communication). 


R5. Pion-Pion. Correlations in Antiproton Annihilation 
Events.* GERSON GOLDHABER, WILLIAM B. FowLer, SULA- 
MITH GOLDHABER, T. F. HOANG, THEODORE E. KALOGERO- 
POULOS, AND WILSON M. POWELL, University of California, 
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Berkeley.—Among 2500 antiproton annihilation events! we 
have analyzed about 400 “‘hydrogenlike’’ events with 4 and 6 
charged pions, respectively. We find that the distributions of 
the angles (in c.m. of p-nucleon system 
charged pions is strikingly different from the distribution of 
the angles between pions of opposite charge. We have ex- 
pressed this effect in terms of the ratio 
pion pairs with angles greater than 90° to the number smaller 
than 90°. We find in the four charged-pion events y,4(like) 
=1.23+40.11, ys(unlike) =2.06+0.12, and y,(like+unlike) 
=1.72+0.08; for the six pion events like) = 1.06+0.15, 
vye(unlike) = 1.91+0.23, and like+unlike) = 1.50+0.13. The 
Lorentz invariant-phase-space (LIPS predicts 
va(LIPS) =1.79 and ye6(LIPS) =1.57. The ratios like 
and y(unlike) differ significantly from each other and 
also differs significantly from LIPS). However 
for 7(like+unlike) are in excellent agreement 
The motivation for the 
was to see if pion-pion interactions could modify the 
obtained from a simple statistical model 


between equally 


of the number of 


model? 
and 
like 
the ratios 
LIPS 


these angular correlations 


with 
study of 


results 


* This work was done under the auspix 
Commission. 

1 Goldhaber, Fowler, Goldhaber 
8815 (previous abstract). 

?P. P. Srivastava and G. Sudarshan, Nuclear 
765 (1959) and T. E. Kalogeropoulos 
tion process in complex nuclei Lawret 
UCRL-8677 (unpublished) 
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R6. Coupled Integral Equations for the Nucleon and Pion 
Electromagnetic Form Factors. M. BAKER AND F. ZACHARIA 
SEN, Stanford University.*—The dispersion relations for the 
nucleon isotopic factors Fy'(q?) and the 
form factor F,(q?) which take into account contributions from 
both the 27 and N N states become itegral 
equations for Fy'(g?) and F,(q*) if the four amplitudes 
(xx|NN), (x x\x7), (NNixr), (NN|NN) are 
known. If these four amplitudes are replaced by 
approximation values and spin and 
are neglected, the resulting set of coupled singular integral 
equations can be solved exactly 


vector form pion 


a set ol coupled i 


assumed 


Bor n 


certain kinematic factors 


their 


Comparison of these solutions 
for various vaiues of the masses and coupling constants with 
the form factors obtained from the usual ition of 
retaining only the lowest mass state (i.e., the 27 state 
one a measure of the reliability of the usual h that high 
mass states do not contribute much to dispersion integrals. It 
is also of interest that the above solutions were obtained from 
dispersion relations without a subtraction isfied the 


ipprox n 


gives 


id sat 
1d l 


the necessary conditions that they vani t d take on 


the value e at the origin for all values o 
ters appearing in the equations 

* Supported in part by the U. S. Air } 
of Scientific Research 


R7. Pion-Pion Scattering in the ¢‘ Theory. F. ZACHARIASEN 
AND M. Baker, Stanford University.*—Pion pic 
has_ been from the relativistic Hamiltonian 
H=)/4¢', using the determinantal method. The 
amplitude for the individual partial waves is expressed as a 
ratio of two power series, and terms through \° have been kept 
in each For \/4r=2.5 the T=1, J=1 s 
amplitude goes through a broad resonance at 
mass energy of about 16yu?. The calculation 
state yields directly a pion electromagnetic for 
is needed for the evaluation of the 
the isotopic vector electromagnetic form factors 
For \/42 between 2.0 and 2.5 inclusion of this pio 

improvement in the fit of 


calc ulated 


ittering 


series. ittering 


two-pio1 


results in considerable 
the theoretic al F,! ¢? experime 

resulting isotopic moment F,'(0) is abc 
compared to the experimental value 1.85 e/2M 


curve with the 
vector 


* Supported in part by the U. S. Air I 
of Scientific Research. 
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R8. Cosmic-Ray Neutron Energy Spectrum above 40 000 
ft.* ROGER WALLACE, WiLmot N. Hess, H. WADE PATTERSON, 
AND EpwarpD L. Cuupp.t University of California, Berkeley. 
he neutron spectrum in equilibrium with the atmosphere, 
measured from thermal energies to about 1 Bev, from sea 
level to 40 000 ft,! at 44° north magnetic latitude has been 
extended through the transition region from a pressure 
altitude of 200 g/cm* to « as a by-product of an albedo 
calculation.? It is found, as would be expected, that the lower 
energy end of the spectrum is depressed as the altitude 
increases and the nonequilibrium region is reached. Thus the 
maximum counting rate, or achievement of equilibrium for 
any particular neutron energy, occurs at lower altitudes as 
this energy becomes lower. Above the atmosphere the albedo 
spectrum* prevails with the intensity decreasing roughly as 
1/r?. In the exosphere gravitational effects cause a further 
depletion below 0.065 ev. The resulting spectra complete the 
gap between the experimentally measured spectra below 
40 000 ft and the neutron albedo spectrum used by Hess* to 
calculate the resulting proton and electron injection into the 
lower Van Allen layer. 


* This work was done under the auspices of the U. S. Atomic Energy 


Commission. 

t Present address 
Seattle, Washington. 

1 Hess, Patterson, Wallace, and Chupp, ‘‘Cosmic-ray 
spectrum” (submitted to Phys. Rev.). 

2 Wilmot N. Hess, Bull. Am. Phys. Soc. Ser. II, 4, 365 (1959). 


Pilotless Aircraft Division, Boeing Aircraft Company, 


neutron energy 


R9. Effect of a Pion-Pion Scattering Resonance on Nucleon 
Structure.* WiLtt1AM R. FRAZER AND JOsE R. Futco.t 
University of California, Berkeley—We have found that the 
existence of a resonance of suitable position and width in the 
J=1, J=1 the pion-pion system can bring the 
disposition-theoretical calculation of nucleon electromagnetic 
structure into agreement with experiment.! The calculation of 
the isotopic vector part of the nucleon form factors involves in 
first approximation the pion form factor and the matrix 
element for the production by two pions of a nucleon-anti- 
nucleon pair. For the pion form factor we used a semiphe- 
nomenological solution based on the work of Chew and 
Mandelstam? and involving two parameters related to the 
position and width of a reasonance. For the rx — NN ampli- 
tude we found an approximate solution of the partial-wave 
dispersion relation derived from the Mandelstam representa- 
tion.* Numerical results for the position and width of the 
resonance will be presented. 


state of 


* This work was done under the auspices of the U. S. Atomic Energy 
Commission. 
t Visitor from the Argentine Army. 
W. R. Frazer and J. R. Fulco, Phys. Rev. Letters 2, 365 (1959). 
2G. F. Chew and S. Mandelstam, “‘Theory of the low-energy pion-pion 
interaction,’’ UCRL-8728 (April, 1959). 
3 Stanley Mandelstam, Phys. Rev. 112, 1344 (1958). 


R10. High-Velocity Range and Energy-Loss Measure- 


ments.* STEN VON FRIESSENT AND WALTER H. BarRKAs. 
University of California, Berkeley.—An experiment to measure 
the relative stopping powers of Al, Cu, Pb, U, and emulsion 
in the proton energy intervals 750 to 600 Mev, 600 to 450 Mev, 
450 to 300 Mev, and 750 to 0 Mev has been carried out. A 
“good geometry” beam was used so as to eliminate scattering 
corrections, and at the high particle energies chosen the shell 
corrections are small. When such corrections calculated by 
Walske! are made both to our data and to the data of Bakker 
and Segré,? good agreement between these measurements is 
found. The results, however, are not compatible with the data 
of Mather and Segré* when normalized to an absolute alumi- 
num mean excitation potential of 166 ev,‘ or, still higher, to 
the mean excitation potential of 331 ev for emulsion. 

* Work done under the auspices of the U. S. Atomic Energy Commission. 

+ Permanent address: University of Lund, Lund, Sweden. 

1M. C, Walske, Phys. Rev. 101, 940 (1956). 

2C. J. Bakker and E. Segré, Phys. Rev. 81, 489 (1951) 

3R. Mather and E. Segré, Phys. Rev. 84, 191 (1951) 


‘ Bichsel, Mozley, and Aron, Phys. Rev. 105, 1788 (1957). 
5 W.H. Barkas, Nuovo cimento 8, 201 (1958) 
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R11. Pion Production by Pions.* V. Perez-Mrenpez, J. C. 
Caris, ROBERT W. KENNEY, AND W. A. PERKINS 11, L’niver- 
sity of California, Berkeley.—The reaction +p — x*+n 
was studied by bombarding a liquid hydrogen target with 
negative pions of energies 260, 317, 371, and 427 Mev. The 
second meson in the final state was detected by using a counter 
telescope which selected the x* by its characteristic r-u decay. 
With the 260-Mev beam x* mesons were counted at 115 
(c.m.); at 317, 371, and 427 Mev the differential cross section 
was measured for r* mesons emitted at 60°, 90°, 1 and 
160° (c.m.). The angular distributions are nearly isotropic at 
317 and 371 Mev but are peaked forward at 427 Mev. The 
total cross sections are: 0.14+0.10 mb at 260 Mev; 0.71+40.17 
mb at 317 Mev; 1.93+0.37 mb at 371 Mev; 3.36+0.74 mb 
at 427 Mev. These results, which indicate that the cross section 
is much larger than the theoretical prediction based on the 
static model,! suggest that there is an additional mechanism 
responsible for pion production in this reaction. Reasonable 
agreement has been obtained by including a pion-pion inter- 
action? in the production mechanism. 

* Work done under the auspices of the U. S. Atomic Energy Commission 

1L. S. Rodberg, Phys. Rev. 106, 1090 (1957); E. Kazes, tbid. 107, 1131 


(1957). 
2L. S. Rodberg, Phys. Rev. Letters (to be published). 


R12. Production and Decay of the K Meson.* SHERWOOD 
PARKER, BuRTON J]. MOYER, AND JOHN Mosuer, University 
of California, Berkeley. 
particles have been studied by observing the space around a 


The production and decay of strange 


Bevatron target with a well-collimated gamma detector. 


Strange particles that have 2° modes. of decay can send 
gammas up to the detector from the subsequent decay of the 
x. The observed-gamma counting rate as a function of the 
detector and collimation position was then compared with that 
predicted for various assumptions about the production matrix 
element. The data require contributions to the counting rate 
from two known decay modes, K® — +°+7° and K* ~ r++’, 
r°—+>y+y. It 
from A° — r°+n, =* — w°+p, and 2° — A®+y, 


is also consistent with limited contributions 


A° —> r°+n, 

rhe 
observed angular distribution requires that a significant part 
of the K® production be sharply peaked at high energies and 


but cannot give any information about these decays. 


at angles close to the line of collision of the incoming nuclei. 
The peaked part of the angular distribution can be fitted by 
cos*@x,, where 0x, is the polar angle of the K particle in the 
center of momentum system, and we have k>8, with the best 
fits for k=12 to 16. 


* This work was done under the auspices of the U. S. Atomic Energy 


Commission. 


R13. x -p Interactions at 1.3 Bev/c. M. Brau, C. F. 
CARTER, AND A. PERLMUTTER, University of Miami. 
mental interactions of negative pions in emulsion were studied. 


Funda- 


By applying stringent requirements to the events, we believe 
that we have been able to separate free proton from edge 
collisions, unfortunately resulting in a small number of events. 
Nevertheless, we investigated the inelastic interactions with 
the production of single mesons, giving the angular and 
momentum distributions in the center-of-mass system. An 
attempt was made to interpret these data in terms of 7-2 and 
x-nucleon isobar models. In the latter case the angular 
distribution of the slow pion in the isobar frame deviates 
+p—> 1 +r°+p, 
while in the case x~ +) — x~+2+-+n, the distribution seems 


more or less isotropic. Considerations of nonconservation of 


markedly from isotropy in the reaction x 


parity show a negative result. 
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Solid-State Physics 


$1. Infrared Emission Studies of the Vibrational Relaxation 
in Nitric Oxide. J. J. ALtport, Lockheed Missiles and Space 
Division.—The vibrational relaxation of shocked nitric oxide 
has been observed by monitoring the increase in radiation at 
the characteristic vibratory frequency for nitric oxide, 
vo=1875.9 cm. The relaxation times observed by this 
method are an order of magnitude longer than those observed 
previously! using absorption techniques in the ultraviolet 
region of the spectrum. The experiments were carried out in 
the Lockheed Missile and Space Division 1-in. shock tube. 
Collimating slits, an infrared transmitting window, and two 
infrared transmission filters were used to isolate the radiation 
at the characteristic frequency. A liquid nitrogen cooled 
indium antimonide detector was used to monitor the radiation. 
The temperature range studied was from 500°K to 1200°K. 


1F, A. Robben, Buli. Am. Phys. Soc. Ser. II, 3, 320 (1958) 


$2. Unimolecular Dissociation of Excited Ethane. Cart A. 
HELLER AND ALvin S. Gorpon, U. S. Naval Ordnance Test 
Station.—Excited ethane formed by the combination of an 
ethyl radical (from diethyl ketone) and a hydrogen atom 
(from mercury photosensitized H2) contains more than enough 
energy to dissociate into two methyl radicals. Since this 
excited ethane may also be deactivated by collision there is a 
pressure dependence of the dissociation-deactivation ratio. 
This ratio has been measured in the presence of various gases. 
The lifetime of the excited ethane can be calculated and 
compared to similar excited molecules. 


S3. Rayleigh Disk Measurements in Pure Superflow.* 
T. R. KOEHLERf AND JOHN R. PELLAM, California Institute of 
Technology.—The purpose of this experiment was to verify 
whether the superfluid component of liquid helium, flowing 
through a stationary normal fluid background, would exert 
the same torque on a Rayleigh disk as expected for perfect 
potential flow in classical hydrodynamics. The disk was 
suspended by a fine quartz fiber in a “‘superfluid wind tunnel” 
which is a device for obtaining pure superfluid flow at tempera- 
tures other than zero ‘degrees using the fountain effect to 
pump helium through a chamber closed at each end by a 
jewelers’ rouge plug. A disk 0.15 cm in radius was used with 
a quartz fiber of torsion constant of approximately 10~° 
dyne-cm/deg, and the superfluid velocity was varied between 
0.01 and 0.1 cm/sec. Observed torque showed the proper 
dependence on fluid velocity for each temperature investigated 
to within the experimental error of about ten percent. Also, by 
comparing results at different temperatures, it was possible to 
measure p,/p as a function of temperature. This parameter 
was determined at thirteen different temperatures between 
1.11°K and 2.11°K, and the results obtained agreed with 
previously accepted values. . 

* Supported in part by the Alfred P. Sloan Foundation, Inc., and the 


National Science Foundation. x 
t Standard Oil Company of California Fellow, 1957-1958. 


S4. Application of Rayleigh Disk to Rotating Liquid 
Helium.* JoHn R. PELLAM, California Institute of Technology. 


itum 


Experimental investigations! of the angular mome 
content of rotating liquid helium II have depended heretofore 
on integrating torque-vs-time measurements of helium sys- 
tems during angular acceleration and 
A method capable of providing “instantaneous 
of the state of rotating helium II by mecha 
clearly desirable. The special characteristics of 
disk for detecting fluid 
liquid helium under conditions of 
a disk is suspended from a stationary 


or decelerati periods 


bservations 


means for examining 
Such 


support by 


provi le 


steady state rotation 


flow 


1ionrotating 
a fine quartz fiber and oriented to present an angle of 45° to 
the flow of helium 
vessel. Recent verification? that 
pure superflow tly of the normal fluid 
confidence to its application 
Preliminary 


produced by rotation of the containing 
sponds to 


adds 


rotating 


i Rayleigh disk € 
(independen 
ilso to superfluid 
observations indicate markedly less 


systems. 
torque exerted on the disk by ri 


ytating liquid helium II tha 
vf 


by rotating helium I, suggesting nonrotation « perfluid 
* Supported in part by the Alfred P. Sloan Foundati 
1H. F. Hall, Pl rans. Roy. So London) 250 
Walmsley and ( ne, Phys. Re 2, 1041 (1958 
2T abstract 
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SS. Capacitative Measurements on Zinc Sulfide Electro- 
luminescent Cells. MAXWELL RATNER, /.B.M 
age instantaneous capacity, nstanta IS \ 
u=Vosinwt, has 


1f } 

Vi Dhe iver 
oltage, 
measured, followi tech 


been ique 


suggested by H. Henisch,' over the ranges where 
Vo is 200 v 100 <w/2r <20000 cps 


shows a variation with uw and 
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» that ippar 
voltages, 
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relaxation, with a relaxation fr iency of 500-1000 


high voltages (with V and 
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ness curve B = By exp 
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behavior at 


Darriers, t 


occurs within p-n 


'H. Henisch, Re 


Press, London, 1957 


S6. Band Structure of CdS and Absorption Spectrum. M 
BALKANSKI AND J. DES CLoIzEaux, Labor hysiqu 
de l'Ecole Normale Superieur le Par interpretation of 
the absorption spectra may | j +} , ' 
siderations on the str 
The crystals are hexagon 
dichroic. It is thought that 
states of Cd atoms 
built from the FP states of 
the crystal field, is of the sai 
spin-orbit splitting. The crystal 
spin-orbit coupling gives three sep 
sponding to the P level. A fourth lower 


due to the S level of the sulf 
band is of I'y type symmetry ; tl 
the lowest S level is ’ 


consideration show 


parallel to the hex 
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the I, level only. For light having a polarization vector 
perpendicular to the crystal axis, transitions from all the 
valence bands are optically permitted. This explains the 
dichroism. The two limits of the absorption spectra,! corre- 
sponding to different polarized lights, give experimentally the 
separation between the I’, type valence band and the I’; type, 
which is about 0.02 ev. The theory has permitted to forecast 
that with each one of the four bands are associated exciton 
levels which have also been observed experimentally by Gross.? 

1D. Dutton, see D. L. Dexter, J. Phys. Chem. Solids 8, 473 (1959); 


M. Balkanski and R. D. Waldron, Phys. Rev. 112, 123 (1958). 
2E. F. Gross and M. A. Jakobson, Doklady Akad. Nauk S.S.S.R. 102, 


485 (1955). 


S7. Photodesorption and Photoconductivity of ZnO Films.* 
D. B. MepvepD AnD H. Crew, Convair.—Photodesorption 
from sintered ZnO semiconductor has been reported! and 
cited as evidence in favor of the model of chemisorption de- 
veloped by Morrison* and Melnick.* According to the model, 
photoconductivity is considered due to formation of hole 
electron pairs; the hole migrates to the surface, recombines 
with a chemisorbed oxygen ion and the electron remains to 
contribute to the photoconductivity. Measurements of photo- 
conductivity simultaneous with photodesorption have now 
been observed as a function of wavelength on films of ZnO 
prepared by oxidizing evaporated Zn on glass substrate. These 
observations indicate that a revision of the theory may be in 
order since photodesorption and photoconductivity have been 
observed to wavelengths greater than 6000 A. For wave- 
lengths greater than 5750 A, pressure changes in a system 
under dynamic pumping were observed from 3 X10~-* mm to 
7X10-* mm Hg in a period of minutes concomitant with 
photoconductivity. In ZnO thin films, wherein the “band gap’ 
is assumed to be on the order of 3 ev the photodesorption 


process thus arises from transitions other than hole-electron 
pair formation. 

* Supported by ARPA-AFCRC Contract No. AF 19(604)-5554. 

1D. Medved, Phys. Rev. 98, 237(A) (1955). 

?Y. Fujita and T. Kwan, Bull. Chem. Soc. Japan 31, 380 (1958) 


*S. R. Morrison, Advances in Catalysis 7, 259 (1955). 
4D. A. Melnick, J. Chem. Phys. 26, 1136 (1957) 


S8. Optical Absorption of Solid Argon from 7.5 to 13 ev.* 
J. R. Newtson, Cornell University and Convair, AND P. L. 
HARTMAN, Cornell University.—Two absorption peaks centered 
at 8.75 ev (1410 A)! and 12.3 ev (1010 A) were observed in 
solid argon; the half-widths were about 1.5 ev and 0.6 ev, 
respectively. These peaks were observed in opacity measure- 
ments on thin films (thicknesses unknown) of solid argon at 
about 8°K in a considerably modified liquid helium cryostat.” 
The far ultraviolet detection technique previously described! 
of solidifying the argon on a sodium salicylate phosphor 
screen was used. This method obviated the need for a far 
ultraviolet transmitting substrate. Observation of the higher 


energy peak was made possible by use of a sliding Zapon 


window in front of the monochromator exit slits; the window 
was needed? to prevent the freezing of hydrogen from the 
hydrogen discharge light source on liquid helium cooled 
surfaces. In preliminary measurements it seemed as if mul- 
tiplet structure were present in the first absorption peak 
However, with further experimentation it was discovered 
that this structure was not real and was caused by incoherent 
scattered light from the grating. This effect will be described 
briefly. 

* The research was performed at Cornell University and was supported in 


part by the Office of Naval Research 
J. R 


Nelson and P. L. Hartman, Bull. Am. Phys. Soc. Ser. II, 4, 199 


(1957) 


? Hartman, Nelson, and Siegfried, Phys. Rev. 105, 123 (1957) 
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S9. Comparison of the Effects of High Pressure and Low 
Temperature on the Absorption Spectra of Condensed Ring 
Aromatics in Nonpolar Solvents. W. W. Rosertson, The 
University of Texas.—As a result of the difference in the effect 
of London-van der Waals forces on the ground and excited 
states of light absorbers, the electronic spectra of condensed 
ring aromatics usually shift to the red upon solution in non- 
polar solvents. An increase in hydrostatic pressure on the 
solution results in an increase in the red shift that is approxi- 
mately linear with solvent density and is characteristic of the 
particular transition observed. A decrease in solvent tempera- 
ture results in a corresponding frequency shift with increasing 
solvent density. However, the two effects seem to be somewhat 
different, and it is this difference that will be dealt with in 
this paper. 


S10. Normal to Superconducting Transition in Thin Films.* 
F. W. Scumipiin, E. C. CritreEnDEN, JR., JOHN N. Cooper, 
AND A. J. LEARN, Space Technology Laboratories, Inc., 
Superconducting thin films of indium and tin, immersed in 
helium and carrying a steady reference current, are trans- 
formed to the resistive state by current pulses of amplitude 
great enough for the total current (pulse plus reference) to 
exceed the critical current for the film under study. When a 
pulse terminates, it requires a measurable time for the normal- 
to-superconductive (m-s) transformation. This m-s transition 
time depends on pulse amplitude and pulse width. For con- 
stant width, as pulse amplitude is increased, the transition 
time increases to a maximum, decreases to a minimum, and 
finally increases again. A similar effect is observed for pulses 
of constant amplitude but increasing width. If the reference 
current is set below the critical current but too high for the 
film to make the n-s transition, the n-s transition can be 
initiated by an additive pulse, and there exists a pulse which 
minimizes the transition time. When the reference current 
exceeds the critical current, a momentary return to the inter- 
mediate state may be induced by a pulse. These effects did 
not occur below the helium X point. 


* Work supported in part by the Office of Naval Research. 


S11. Transition Times to the Superconductive State for Thin 
Films.* JoHn N. Cooper, E. C. CritTeEnDEN, JR., A. C. 
LAUER, AND J. K. Nunnety, U. S. Naval Postgraduate School 
and Space Technology Laboratories, Inc. 
for the transformation of thin indium films from normal to 


The times required 


superconductive have been determined as in the preceding 
paper. With a steady reference current between 0.1 and 0.6 of 
the critical current passing through a film, current pulses 
were applied to drive the film resistive and the n-s transition 
time r was measured from oscilloscope photographs of the 
potential difference developed across the film. Pulse length 
was 20 usec, sufficient to make 7 independent of the duration. 
As pulse amplitude increased, r passed through a maximum, 
then a minimum, and finally increased indefinitely. At the 
maxima, transition times for the films vary from 10 to 180 
usec. At the minima, values are 1 usec or less and are essentially 
independent of film thickness, substrate, and reference current. 
For a given film and temperature the maximum occurs at the 
same value of total current (pulse plus reference) over a wide 
range of reference currents. Similarly the minimum comes at 
a constant total current. Between maximum and minimum, 
the logarithm of the transition rate 1/r is linear with total 
current with the slope decreasing as the film thickness is 


increased. 


* Work supported in part by the Office of Naval Research, 
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Low-Energy Nuclear Physics 


Tl. Short-Lived Isotopes of Ce and Pr.* D. C. HorrMan 
AND W. R. Dantets, Los Alamos Scientific Laboratory (intro- 
duced by C. J. Orth).—The following previously-unreported, 
short-lived isotopes of Ce and Pr have been identified: Ce’, 
1.2+0.1 min; Ce’, 0.7+0.2 min; Pr'#?, 12.0+0.5 min; Pr'48, 
1.95+0.15 min. The half-life of Pr'** was determined to be 
24.0+0.1 min.! Ce half-lives were determined by following 
the gross 8 decay of Pr daughters milked at suitable intervals 
from fission-product Ce. Similar Pr samples were used to 
determine the Pr half-lives directly and to study the radiations 
of the Pr isotopes with 8- and y-scintillation spectrometers. 
Pr'*6 was found to exhibit photopeaks at 0.92, 1.02, 1.36, 
~2.2, and ~2.7 Mev, in addition to the previously observed? 
y rays at 0.46, 0.59, 0.75, and 1.49 Mev. Photopeaks at 0.32, 
0.58, 0.64 (complex), 0.92 (complex), 1.25, and ~1.7 Mev 
were attributed to Pr’. The observation of a prominent 
300-kev y ray in the decay of the 1.95-min Pr'** is consistent 
with Coulomb excitation experiments’ which showed the 
existence of a 2+ level at 300 kev in Nd’, Results of 8-y and 
-y coincidence studies will be discussed. 

* Work performed under the auspices of the U. S. Atomic Energy 
Commission. 

1 This is in good agreement with the value of 24.0 min reported by J. D. 
Ty and D. P. Ames, LASL Classified Report WASH-62 (December, 
. 2 Bernstein, Markowitz, and Katcoff, Phys. Rev. 93, 1073 (1954). 

* Simmons, Van Patter, Famularo, and Stuart, Phys. Rev. 97, 89 (1955); 
N. P. Heydenburg and G. M. Temmer, ibid. 100, 150 (1955). 


T2. Short-Lived Isotopes of Nb and Zr from Fission.* C. J. 
OrtTH AND R. K. Situ, Los Alamos Scientific Laboratory.— 
Nb*%, Nb®, and Zr®, plus three other short-lived 8 emitters 
tentatively identified as Nb’, Nb", and Zr’, have been 
observed in the niobium and zirconium fractions rapidly 
separated from U** fission products. Their properties and 
bases of identification are as follows. Nb: 7y=51.5+1.0 min!; 
E,(Mev) =0.330+0.005, 0.720+0.005, 0.780+0.005, 1.16, 
1.44, 1.52, 1.68, 1.88, 1.93, 2.24, 2.7; Ep max=3.1 Mev; 
Qs- =4.6+0.2 Mev; confirmed by Mo*’(,p) ; not produced by 
Zr®8 B decay. Nb®: Ty=2.4+0.2 min (by successive extrac- 
tions of Mo”); E,(Mev) =0.100+0.002, 0.260+0.005; pre- 
viously identified by Mo(+y,p).2 Zr®: Ty=35+45 sec (by 
successive extractions of Nb® — Mo”). Nb!®: 7; =3.0+0.3 min 
(by decay of 0.53-Mev photopeak) ; E,(Mev) =0.140+0.005, 
0.3604-0.010, 0.450+0.010, 0.530-+0.010, 0.65, 2.2, 2.3, 2.65, 
2.8; strongest 7 peak, 0.530 Mev, agrees with the y observed 
in Mo Coulomb excitation. Nb: 7,;=1.0+0.2 min (by 
successive extractions of Mo™-Tc!). Zr: T,=60+20 sec 
(by gross Zr 8 decay measured through heavy absorber). The 
Nb*® daughter of Zr®* has not been observed ; the very energetic 
6’s found in Zr decay are probably those of a short-lived 
isomer of Nb* in equilibrium. A partial Zr®*-Nb®® decay 
scheme will be discussed. 

*Work performed under the auspices of the U. S. Atomic Energy 


Commission. 
! This value agrees with the value of ~55 min measured by D. Troutner, 


Washington University (private communication). 
? Duffield, Hsiao, and Sloth, Phys. Rev. 79, 1011 (1950). 


T3. Compound Nucleus Decay Leading to Fission.* 
LAWRENCE WILETs, University of Washington.—In a particular 
representation where the state vectors are not eigenstates of 
the Hamiltonian, coupling terms remain which cause “virtual” 
or “real” transitions among states. An appropriate choice of 
representation depends upon the physical processes involved. 


f 


The decay of a compound nucleus, especially by fission, is 
considered. The strong coupling representation of the unified 
model is employed, with surface oscillations inducing transi- 
tions among states of the representation. A diffusion equation 
is derived to describe the flow of probability among the states 
available within constraints. An estimate of the characteristic 
relaxation time for arriving at statistical equilibrium is 
obtained. Only when the relaxation time is short compared 
with a basic reaction time are statistical arguments valid to 
evaluate the reaction rate. The relevant reaction time in the 
Ihe necessary condition 
appears to be satisfied for excitation energies more than a few 
Mev above threshold. Arguments are presented to show why 
equilibrium may not be maintained at lower energy. Thus the 
usual estimate of the number of open channels, 27fP;/D, 
would give a number lower than what one would estimate 


fission process is a collective period 


simply from penetrability of the fission barriet 

* Supported in part by the U. S. Atomic Energy ( 

T4. Spontaneous Fission Yields of Cf**?.* W. E. Nervik, 
P. C. STEVENSON, H. G. Hicks, H. B. Levy, J. B. Nipay, AND 
J. C. ARMSTRONG, University of California, Livermore A 
radiochemical investigation has been made of the fission yield 
curve for the spontaneons fission of Cf?5. One ce of 1105 
and another of 2107 fissions per minute were used to obtain 
the data. Thirty-six active nuclides between mass 
and 166 were separated, identified, and their fission yields 
calculated. Upper limits were set for six other nuclides. The 
fission yield curve has maxima of 6.2% at masses 107 and 141 
with the ‘width at approxi- 
mately 27 mass units. There is a very narrow “trough” with 
a minimum value of 1x10-*% at mass number 124. In addi- 
tion, while the curve as a whole is sym t mass 124, 
each peak is not symmetrical about its own maximum, being 


js maximum” 


of each peak being 


metrical abou 


significantly spread toward the most asymmetric fission modes 


No evidence was seen of fine structure in either peak; nor was 
there evidence of activities which could be ascribed 
fission events, upper limits of 10 fission yield being set for 


individual nuclides between mass nu 


to ternary 
mbers 28 and 72 
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VIsscHER, Los Alamos 
have been carried out for the subject reactio 
computational procedures. These procedures imply the use of 
certain direct interaction models whose validity one hopes to 
assess. In particular, reaction cross sectio 
culated in Born approximation for pickup of a 
and nucleon exchange. They have also bee 
distorted wave approximation taking into acco 
nucleon ejection and nucleon exchange. A tra isparent model 
of the nucleus is assumed for the nucleon core interaction, 
while the exchange and ejection 
occur from the proton tails. Finite ra orces have 
used in the distorted wave calculation and also in the 
approximation for nucleon exchange forces 
been used in the distorted wave « 
been included for all calculations 
energy range from 1.5 to 5 Mey 


* Work performed under the 
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T6. Angular Distribution of Fragments in the Fast Neutron- 
Induced Fission of Th?”, U?*4, U2**, and U2**.* J. E. Simmons 
AND R. L. HENKEL, Los Alamos Scientific Laboratory.— 
Angular distributions of fragments have been measured using 
a multiangle, gas-filled counter. Neutrons of energy between 
0.6 and 9 Mev were used to induce fission. For the uranium 
isotopes the anisotropy—(0°/90°) intensity ratio—was ap- 
proximately constant at values near 1.2 between 2 and 6 Mev; 
for the thorium isotope the value was closer to 1.1 in this 
energy range. At 6 Mev the anisotropy increased abruptly, in 
a manner consistent with previous observations on Th? and 
U8. The highest value of anisotropy occurred for Th; it 
attained a value of approximately 2.3 at 7 Mev. Near the 
fission thresholds, the anisotropies showed considerable vari- 
ation. For the case of U*** in particular, near 0.85 Mev, the 
anisotropy indicated preferred emission at ninety degrees. In 
the energy range between 2 and 5 Mev the angular distribu- 
tions have been fitted to theoretical':? expressions. The values 
of the theoretical parameters thus obtained allow correlations 
of the present data and predictions for nuclei which have 
not yet been investigated. 

* This work performed under the auspices of the U. S. Atomic Energy 
: +1. aloes and V. M. Strutinski, Proceedings of the Second International 
Conference on the Peaceful Uses of Atomic Energy (United Nations, Geneva, 


1958), Paper .15/P/1513. 
2 J. Griffin (to be published). 


T7. Nuclear Alignment of Tb!®.* C. E. JoHNsON AND D. A, 
SHIRLEY, University of California, Berkeley.—Tb'™ has been 
oriented in a single crystal of neodymium ethyl sulfate in 
which about 10 microcuries of active terbium had replaced 
some of the neodymium ions. The angular distributions of all 
the 7 rays were measured as a function of temperature between 
0.02°K and 1.03°K by use of 33-inch sodium iodide crystals 
and 100-channel pulse-height analyzers. The results for each 
y ray could be fitted to functions of the form J(@): 
1+A2P2(cos@), when A» is temperature-dependent. For the 
875-kev y ray Age is positive and its value shows that the 
transition is mainly quadrupole with a 6% admixture of 
dipole. A» is negative for the 300-, 1180-, and 1270-kev y rays, 
which are shown to be dipole with about 0%, 1%, and 16% 
admixtures of quadrupole respectively. By making assump- 
tions about the spin and 8 decay cf Tb'™ the nuclear magnetic 
moment and electric quadrupole moment may be estimated. 


* Work done under the auspices of the U. S, Atomic Energy Commission. 


DANIEL 
J. Horen, Stanford University AND Horacio E. Boscu,* 
University of California, Berkeley.—Palladium-106 exhibits 
a complex level structure at an energy approximately twice 
the energy of the first excited state, one level with character 
0+ at 1.137 Mev and one at 1.128 Mev with character 2+. 
The gamma rays from Rh" (30 sec) and Ag"® (8.3 days) have 
been studied with a 3 in. x3 in. Nal(Tl) crystal in order to 
investigate the feeding of the above-mentioned levels by 
radioactive decay. Rhodium-106 was obtained in equilibrium 
with a Ru source from Oak Ridge. Silver-106 (8.3 days) was 
produced by bombarding Rh’ with alpha particles (<14 
Mev). A chemical separation was performed. Although the 
energy of the projectile was estimated to be less than the 
threshold for (a,2m) reaction, in the sample were observed 
gamma rays with longer half-life than 8.3 days. From astudy 
of samples containing relatively more Ag’ it was possible to 
determine more accurately which gamma rays belonged to 
Ag". The decay of the sample was followed for six months 
and the gamma rays of 0.180, 0.285, 0.430, 0.450, and 0.680 
Mev were assigned at Ag (40 days). The gamma rays of 
0.230, 0.410, 0.520, 0.620, 0.725, 0.805, 1.030, 1.150, 1.250, 
1.540, 1.770, 1.850, and 2.250 Mev correspond to Ag’. 


T8. Investigation of the Excited Levels of Pd'®. 


* Fellow from Consejo Nacional de Investigaciones Cientificas y Técnicas, 
and on leave of absence from Comisi6én Nacional de Energia At6mica and 
Universidad de La Plata, Argentina. 
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T9. Cross Sections for the B''(n,y)B'* Reaction.* R. G. 
Jounson, W. L. Imuor, AND F. J. VauGHN, Lockheed Missiles 
and Space Research Laboratory.—Cross sections for the 
B"(n,y)B" reaction have been measured at thermal energy 
and at energies between 150 kev and 1780 kev. Targets con- 
taining mixtures of boron and iodine were used for all cross- 
section measurements. The neutron flux at each energy was 
determined from the induced I*8 activity, using the known 
17(n,7)18 cross section. The B" activity was identified by 
the observed 20 msec half-life. A pulsed neutron source was 
produced by intermittently bombarding a lithium target with 
protons from a Van de Graaff accelerator. The scintillator 
pulses were analyzed between the 100-msec beam bursts using 
a time-to-pulse height converter and a 100 channel pulse- 
height analyzer. A resonance in the cross section, with a 
preliminary peak value of 0.025 mb has been observed at 
430 kev corresponding to the known energy state in B® at 
3.76 Mev, and the radiation width for this level is found to be 
~0.2 ev. Resonances were not observed at neutron energies 
corresponding to the next two higher states at 4.53 Mev and 
4.99 Mev. The cross section at thermal energy is found to be 
~5 mb. 


* Supported by the joint program of the U. S. Atomic Energy Commission 
and the Lockheed General Research Program. 


T10. Resonance Absorption of Gamma Rays in Crystals.* 
P. P. Craic, J. G. Dasu, A. D. McGuire, anp D. E. NAGLE, 
Los Alamos Scientific Laboratory.—It recently has been 
demonstrated! that in the case of nuclei bound in a crystal at 
low temperature there can be an appreciable probability 
that gamma-ray emission takes place with the recoil momentum 
being absorbed by the crystal as a whole, i.e., with no phonon 
creation in the crystal and with essentially no “‘doppler-shift"’ 
of the emitted gamma ray. In a cold crystal the inverse 
absorption may take place with no nuclear recoil, so that the 
cross section for the absorption of the nonshifted gamma 
radiation may reach large values characteristic of resonance 
absorption. In the present work, the 129-kev gamma ray of 
Ir was absorbed in metallic Ir™. The absorption cross 
section was found to have a temperature-dependent part which 
increased below room temperature to 57+8 barns at 1.4°K. 
By moving the source at constant speed with respect to the 
absorber at low temperature, a doppler shift was imposed on 
the emitted gamma rays which destroyed the resonance and 
reduced the absorption cross section to the room temperature 
value. The half-width of the cross section vs velocity curve is 
2.2 cm/sec corresponding to a width of 9.510~* v for the 


first excited level in Ir™. 


* Work performed under the auspices of the U. S. Atomic Energy 


Commission. 
1R. L. Méssbauer, Z. Physik 151, 124 (1958); Z. Naturwissenschaften 
14, 211 (1959). 


T1l. Theoretical Predictions for the Spectra of the Odd- 
Mass Tellurium and Xenon Isotopes.* NorMAN K. GLEN- 
DENNING, Lawrence Radiation Laboratory, Berkeley.—\nterest- 
ing systematics are displayed in the spectra of the odd-mass 
tellurium and xenon isotopes, in particular the migration 
(with increasing N) of the first excited state (3/2+) toward 
the ground state (1/2+) until the former becomes the ground 
state. Recent developments in the treatment of the many-body 
problem! yield an understanding of these systematics. The 
best known spectrum, Te", is very well reproduced by con- 
sidering one neutron (which has available the sy and dj single- 
particle levels) coupled to surface vibrations of up to three 
phonons. Theoretical predictions are made for the spins of the 
excited states of Te where these are not well known, and 
agreement is obtained with the known spins (ground and 
first excited). In addition calculations are made for neighboring 
odd-N tellurium and xenon nuclei using for a guide to the 
single particle spacing, the predictions of the above mentioned 
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treatment of the many-body problem. Spin assignments and 
new levels are predicted. 

* This research was supported by the U. S. Atomic Energy Commission. 

1 Ben R. Mottelson, Lectures at University of California, Berkeley, 1959 
(unpublished). 

ys 


. T. Belyaev, Kgl. Danske Videnskab. Selskab Mat.-fys. Medd. 31, 
No. 11 (1958). 


T12. Decay of Sb'**, Sb'*, and Sb'®. Horacio E.Boscu,* 
Lawrence Radiation Laboratory, Berkeley—In order to 
investigate the systematic behavior of excited nuclear levels 
in even-even nuclei near closed shells, the beta decay schemes 
of Sb!*, Sb!#8, Sb, and their isomers were studied. These 
have been produced by bombarding enriched tellurium 
isotopes with fast neutrons. A chemical separation was per- 
formed in every case. The beta spectra were measured with an 
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Theoretical Physics 


U1. Classical Quantum Motion of a Particle with Spin. 
H. C. CorBen, Ramo-Wooldridge Research Laboratory.—The 
classical equation of motion for the spin of a particle of charge 
e, mass m, magnetic moment "w=ge moving in an inhomo- 
geneous field is modified in order to be automatically consistent 
with the requirement that the electric dipole moment e& 
vanish in the rest system, independently of the equation of 
motion for the particle itself. This latter equation then con- 
tains a term describing the interaction of w and e with the in- 
homogeneous field and implies that w-(0°B/dt?) +e-(0°E/df*) 
= — fe00;(- =d/ds). If radiation damping is neglected and 
the Bohr-Sommerfeld quantum condition is applied to circular 
motion of such a particle (with g=e/mc) in a Coulomb 
potential Ze/r, there exists in addition to the usual atomic 
orbits a set of orbits of radii r,+Ze?/nmc?, and total energy 
W =mc?(n?/2Za+n)(a=e*/hc), the sign being that of the 
circulating charge. If applied to the motion of electrons and 
positrons around an atomic nucleus, this yields qualitative 
agreement with the observed upper limits to B-, 8*, and y-ray 
spectra. For Z=1, corrections for the motion and magnetic 
moment of the proton are no longer negligible. If the corre- 
sponding relativistic quantum theory does not exhibit similar 
localized unstable positive energy states it would appear that 
the correspondence principle breaks down at distances of 
order rn. 


U2. Completely Deterministic Quantum-Mechanical Treat- 
ment of a Particle in a Box.* J. P. WesLeEy, University of 
California, Livermore.—As the simplest example of the 
completely deterministic quantum-mechanical theory, the 
particle in a box illustrates most of the qualitative features of 
bound particle trajectories in general. The particle motion is 
confined to a restricted region in space, or a “‘cell.’’ The center 
of each cell possesses a stagnation point where the particle 
will remain stationary for all time if placed at this point with 
zero initial velocity. The particle yields a classical macroscopic 
trajectory when it is placed initially on a cell boundary. 
Assuming all initial positions equally likely the probability 
distribution over all initial conditions is similar, but not equal, 
to yw". 


* This work was done under the auspices of the U. S. 
Commission. 
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U3. Approximate Inversion with Error Bounds of a Class 
of Linear, Variable Coefficient Scattering Operators. WILLIAM 
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U4. Field Operators for Bosons with Impenetrable Cores. 
I. Equations which Replace the Commutation Rules.* A. J. | 
SIEGERT, Northwestern Liniversity tor 
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the non-negative integers not exceeding the largest number of 
hard spheres which can be placed into the domain. 


* Program supported by the National Science Foundation and the 


Office of Naval Research 


US. Symmetry of Gravity Forces on the Free Neutron. 
A. W. McREYNOLDs AND W. L. WHITTEMORE, General Atomic.* 


It has been shown in a previous experiment! that the tra- 
jectory of a slow neutron beam has a curvature corresponding 


to the same gravity acceleration g as observed for bulk 
niatter. The value of g thus measured represents an average 
over a large number of neutrons of random spin orientation. 
Further experiments are described in which polarized neutron 
beams were used to determine whether the force of gravity on 
a free neutron is spherically symmetrical or dependent on the 
relative directions of spin and field. If the gravity force were 
different for neutrons with spins parallel and antiparallel to 
the field, two effects should be observed. The curvature of a 
slow neutron trajectory should differ for the up and down 
polarization states. Also, transition from one state to the 
other should represent a change in energy corresponding to 
the degree of asymmetry. Observations which have been made 
both on the trajectory curvature of vertically polarized beams 
and on the energy and after transitions between 
polarization states indicate no asymmetry greater than about 


before 


one percent of the value of g 


* John Jay Hopkins Laboratory for Pure and Applied Science, General 
Atomic Division of General Dynamics Corporation, San Diego, California. 
Experimental work performed at Brookhaven National Laboratory. 

\ McReynolds, Phys. Rev. 83, 172 (1951). 


U6. Photon Rest Mass.* RutH F. Ki_py anp JouNn H. 
NucKOLLs, Lawrence Radiation Laboratory, Livermore. 
Edward Teller recently observed that, if there is a variation of 
the velocity of electromagnetic radiation with frequency, it 
might be detected by measuring arrival times of radiation 
rom a nuclear explosion at the order of an 
astronomical unit from the earth.! We propose that an increase 
of velocity with frequency could be evidence of a finite photon 
Che theory of relativity would then be essentially 
were defined as the maximum velocity with 
which information can be transmitted. The observed difference 
between the separations of the visible and radio images of the 
a photon 


a distance of 


rest mass 
unaffected if ¢ 


colliding galaxies in Cygnus could be explained by 
rest mass of ~10~*! g. This amount would produce a variation 
of velocity with frequency which is within the experimental 
errors of terrestrial measurements for visible light and radar 
waves. It would not cause noticeable effects in astronomical 
observations of novae, binary stars, or cepheid variables. 
leller’s experiment could probably detect a photon rest mass 
of the order of 10~*? g or less, depending upon the free electron 
density in space 

* Work performed 
Commission 

1 eller, Space Digest, 144 


under auspices of the Atomic Energy 


June, 1959) 


U7. Thermodynamic Significance of the “Cutoff” Used in 
the Electronic Partition Function. SipNney W. BENson, 
University of Southern California, AND JERRY H. Buss AND 
HOWARD Myers, Douglas Aircraft Company, Inc.—Applica- 
tion of statistical thermodynamics to elevated 
temperatures demands a consistent method of determining the 
proper number of electronic energy levels to be considered in 
formulating the electronic partition function. This is necessi- 
tated by the divergent series caused by terms composed of 
ever-increasing degeneracy and finite exponential contribu- 
tions. In the past, solutions to the problem have ranged from 
simplified ‘‘magic approaches to sophisticated 
density dependent cutoffs where the important parameter is 
the average distance between nuclei. These previous attempts 
are difficult to apply and theoretically disturbing. A tempera- 
ture dependent cutoff eliminates many of the objections and 
will be presented as a more meaningful criterion. Experimental 


gases at 


number” 


examples will be called upon to demonstrate the ability of this 
new method to predict what have been considered anomalies. 
This approach does not change the calculated thermodynamic 
variables significantly with the exception of concentration, 
which is varied radically. This could explain many of the 
superequilibrium concentrations of electrons which have been 
measured and have thus far confused the results of shock-tube 
experiments. 


U8. On the Behavior of the Scattering Phase Shift in the 
Presence of Inelastic Processes.* MALvin A. RUDERMAN AND 
CHARLES M. SOMMERFIELD, University of California, Berkeley. 

Under consideration are processes involving inelastic scatter- 
ing which may be described in terms of a nonlocal, energy- 
dependent, complex potential. It is found, with suitable 
restrictions, that a potential which describes the propagation 
of fields with a speed less than that of light yields a complex 
scattering phase shift whose real part decreases by (m)»—my)x 
as the energy increases from threshold to infinity. Here m» is 
the number of bound states produced by the potential and my 
is the number of elementary fields in the process. To the 
extent that such potentials provide adequate descriptions of 
the interactions, experimental determination of the energy 
behavior of the scattering phase shifts will allow a distinction 
to be made between those fields to be taken as elementary and 
those to be considered as composite. 

* Supported in part by the U. S. Air Force Office of Scientific Research 
and by a grant from the National Science Foundation. 

U9. Compton Scattering Low-Energy Theorem via Dis- 
persion Relations. IRwiIN MANNING, U. S. Naval Research 
Laboratory.—Following a suggestion by G. Feldman and 
W. Wada, we have examined the application of dispersion 
relations to the scattering of very low energy photons by a 
particle of spin 4. The present proof of this theorem borrows 
much from Akiba and Sato! and closely parallels that given 
by F. E. Low.? The major difference appears as the replace- 
ment of one assumption by another. With the dispersion 
relations the low-energy cross section is given by the “bound 
state’’ contribution, and this term does not require any 
assumptions regarding the behavior of the nucleon form 
factors for nonzero momentum transfer. On the other hand, we 
are forced to.make what are by now standard assumptions 
regarding the applicability of the dispersion relations, in- 
cluding an assumption of convergence for a set of three 
integrals. The Kroll-Ruderman theorem concerning photo- 
meson production will be discussed. 

! Akiba and Sato, Progr. Theoret Phys. (Kyoto) 19, 93 (1958). 

2 F. E. Low, Phys. Rev. 96, 1428 (1954), 

U10. Some Regularities Concerning the Composition of 
Crystalline Matter. N. Erremov, New York.—The composi- 
tion of the most abundant silicates, which practically con- 
stitute the crystalline part of the earth’s crust, may be 
derived from a series of primary formulas in which the 
elements of the 1V-th group are represented by Si‘*t and the 
collective expression for the metals (H, Na, K, Mg, Al, etc.) 
by the bivalent Me. In these formulas (see the following) the 
valence relations (R,) between the valence of Si‘* and the 
total valence of the metals are represented by simple small 
numbers: 1, 2, 3, ete. 

Formulas of 
corresponding silicates 


Me2SiO. or NaAlSiO, 
MgSiO; 
NaAlSixOs or 


Primary 
formulas 
Me?2?*SiOg 
Me?*SiOs; 
Me??*SisOs 


Valence relations = R, 
Si**: Me2** =4:4 =1 
Sit*: Me?* = 


Sis**: Me?* KAISisOs 


Substituting Me in these primary formulas by Mg** or Mee 
by Na!*Al** etc., we receive the formulas for the most 
abundant silicates. The same Rule of Four! concerning the 
chief isotopes is also demonstrated by this series of primary 
formulas. 


!N. Efremov, Bull. Am. Phys. Soc. Ser. II, 4, 319 (1959) 
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SG11. The Neutrino and the Decay of the Hyperons. 
LEONARD S. Levitt, Stevens Institute of Technology.*—It has 
been pointed out! that the masses of the hyperons (in units of 
electron masses) are related to the proton mass (p*), the mu- 
meson mass (u*), and the fine structure constant? (a =1/137): 
A®°=pt+yt+1/a=2180; 2t=o++4+y4+2/a=2317; Z-=ptt+u 
+4/a=2591. The stable end product of the decay of all 
hyperons is the proton, and along the decay route at least one 
y* is formed. For the A° and =* particles there are two main 
routes of disintegration, one in each case leading to the inter- 
mediate formation of a mu meson: A®°— pt+y-+»"; and 
rt — pt+e~+yu*+2». The =~ particle can take the following 
course in its transformation to a proton and mu meson: 
=~ —> pt+e~+yu-+4». On comparing the mass relations with 
these decay sequences, we observe that what appear as (1/a)'s 
in the former become the corresponding number of neutrinos 
in the latter. The implication is that neutrinos are each 
some way associated with a mass of (1/a)m, in these decays. 

* To be given at the end of Session G if the Chairman rules that time 
permits. 

1L. S. Levitt, Current Science 27, 131 (1958); Bull. 
II, 4, 175 (1958). 

2These relations have recently been explained theoretically in the 
relativistic rotator model for the elementary particles. [E. J. Sternglass, 
Bull. Am. Phys. Soc. Ser. II, 4, 228 (1959) ]. 


Am. Phys. Soc. Ser. 


SN9. New “Charles’ Law” at Extreme Pressures. LEONARD 
S. Levitt, Stevens Institute of Technology.*—in a previous 
work! it has been demonstrated, using Bridgman’s data for N2 
and Ar that the V-T isobars are excellent straight lines above 
1000 atmos, the same pressure at which the isotherms begin 
to obey the law! P=Ce*/", where and C are constants 
characteristic of a particular gas. Since the isobars converge to 
a single point on the V axis at 0°K, they are represented by 
V=V.)+a,T, where Vo is the incompressible volume at 0°K 
and a,=(0V/dT),. Eliminating a, for two different tempera- 
tures at constant pressure gives an exact V-T relation for 
high pressures comparable to Charles’ law: V2= Vi(T2/T;) 
+Vo(1—T2/7T;). The slope of the isobars, a,, decreases with 
increasing pressure, and it is found that a,>~R’/P, where R’ is 
a new gas constant for high pressures, which at first increases 
somewhat with pressure and reaches the same limiting value 
of $R at 6000 atmos for both Nz and Ar. Above this pressure, 
then, (0V/dT),=R’'/P, and (0?V/dT?),=0, and therefore 
(dC,/dP) r=0. The entropy decrease due to compres- 
sion is found to be —AS= JS, 2(0V/0T) dP =R’ |n(P2/P1) 
= R’B(1/V2—1/V;). 


* To be given 
permits. 

1L. S. Levitt, Bull. Am. Phys. Soc. Ser. II, 3, 340 (1958); J. Phys. Chem. 
(to be published) ; 58, 573 (1954). 


at the end of Session N if the Chairman rules that time 


SO12. Thermodynamic Properties of Fluid Flow Across a 
Magnetic Field. II.* K. P. Cuopra, University of Southern 
California, AND INDERJIT StnGuH, Oil and Natural Gas Com- 
mission, Government of India (introduced by H. T. Yang).t— 
This paper is devoted to the study of the effects of a transverse 
magnetic fiela on some of the flow characteristics of a perfectly 
conducting fluid. It is seen that the effect of an area change (as 
in a nozzle) on the subsonic or supersonic flow is not affected 
by the presence of the magnetic field. However, it is demon- 
strated that the presence of a transverse magnetic field is 
conducive to the formation of a shock wave. The analog of 
Prandtl’s equation is derived and the expression for the 
critical speed is obtained. It follows that the flow is definitely 
subsonic if the stream velocity is less than or equal to the 
critical speed. On the contrary, if the stream velocity exceeds 
the critical speed, the hydromagnetic flow may be supersonic, 
Use of the jump conditions leads to the 
The expressions 


sonic or subsonic. 
analog of Prandtl’s relation for shock waves. 


for jumps in internal energy and enthalpy across the shock 


front readily follow. New Hugoniot function is defined and the 
surface represented by the Hugoniot equation in the (7,p*,H 
space is a hyperbolic paraboloid. As in ordinary shock waves 
the entropy change across the shock-front is of the thi 
in specific volume 


, , 
ra order 


* Supported in part by the 
+ To be given at the end 


permits. 


$Q12. 708-kev Gamma Ray in P®. J 
of Kansas.*—A detailed study of the rea 
proton energy ol $14 kev has been made 
d to the doublet it 700 ke 


uch weaker. Angular distrib 


have been observe 
tion to the grounc 
of all the observed 
to explain the intermediate unobserved ang 
of the ‘'700-kev”’ 
708-kev gamma ray is a strongly mixed radiati t could be 
due to inhibition of M, tr i L-forbidde [ I 

or enhancement of E , 

could account for this strong mi: 


1 state is m 
gamma rays have been 
tribution 


gamma ray, we had to a hat the 
- 


transitio 


* To be given 
permits. 


SS10. Photoelectric Theory of Photosynthesis. V. Near 
Infrared Electronic Spectrum of Magnesium in Chlorophyll. 
LEONARD S. Levitt Stevens Institute echn * 
been postulated in the photoelect 
theory of photosynthesis! that 
transfers electrons to an oxidant and remo\ 
water. There is a very clos¢ 
absorption bands with the emission ( 
excited states of the Mg atom and the Mg? ic 
and ultraviolet nd this was 
evidence that the actu | 
phyll is at the Mg atom.! 
chlorophyli has been re-examii 
at around 8750 A, lin 
in the infrared at 
corresponds in the free Mg atom to th 
tion 3p — 3d, and it is shown that 
at 6600 A corresponds to the 
value (15 266 cm) for the transition o 
3d singlet state to infin 
ionization of the gate rye noi 1 eory | 
predict new absorption bands for chlorophyll at 2680, 2450 
2330, 1980, 1740, 1320, and 1 
of 1.89 v. 


corresponde 


lit 
li 


near region, 
il site of initi lectre 


inirared spectrs 


( orrespon 


8807 A, has 


6545 


* To be given at the end 
pe rmits. 
iL. 


1953 


. Levitt, Science 118, 696 
28, sis (1958); I perientia 15, 


16 1050 
SU11. Angular Momentum in Classical Mechanics. 
CorBEN, Ramo-Wooldridge R y 
to relativistic classical mechani 
its spin parallel or antiparall 
of the spin angular momentum 
system, oo, but if @ is normal 
The act of bringing a parti 
distance r from a fixes 
momentum into the ¢ 
that for oe 


charg 


1 
slectroma 


units if rx u=0, so 
1l+¢@ is not a constant of the 
is neglected either the particl 
sphere or the electric moment 
Although in general the 


velocity, the precession freque 





SUPPLEMENTARY 


decreases as the velocity increases. Special cases of the classical 
motion described by the equation of motion 


Ov e - g Te 2 2 0*v 
— J} = — firit = oR Oi f kt - -f——} 
ot/i —s mc? 2mc? 3 mc? \ at?7i 


* To be given at the end of Session U if the Chairman rules that time 
permits. 


SU12. Fundamentals of a Completely Deterministic 
Quantum Mechanics.* J. P. WEsLEy, University of California, 


Livermore.t—In addition to rejecting the indeterminacy 


interpretation of the Heisenberg uncertainty principle, as is 


done by de Broglie and Bohn, it is possible to resolve many 
further difficulties by relinquishing the probability amplitude 


interpretation of ¥. Assuming that the classical four-vector 


momentum is given as some function of y and by assuming 
that the Klein-Gordon equation (divided by W) is a conserva- 
tion of energy equation, it is possible to obtain the momentum 
as a definite function of y. The momentum equations are first 
order differential equations which may be integrated to obtain 
the descrete trajectory. The three eigenvalues and the three 
constants of integration yield the requisite six constants of 
the motion, or initial conditions, which determine the motion 
for all time. The apparent probabilistic behavior of a collection 
of particles is ascribed to a distribution over unknown initial 
conditions. Because the probability distribution predicted by 
this theory is not y¥*, it is hoped that eventually an experi- 
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ment can be devised to distinguish between this theory and 
traditional quantum mechanical theory. 

* This work was done under the auspices of the U. S. Atomic Energy 
Commission, 


To be given at the end of Session U if the Chairman rules that time 
permits. 


SU13. Possible Dependence of the Velocity of Light on 
Wavelength in vacuo. LEONARD S. Levitt, Stevens Institute of 
Technology.*—lf co is the maximum velocity of electro- 
magnetic radiation through space, and c is any possible 
slightly smaller velocity for such radiation then the un- 
certainty in the momentum of a photon of wavelength A is 
Ap =(h/d)[(co/c) —(c/co) ]. If the uncertainty in position of 
the photon is Ax, then application of the uncertainty relation 
gives c/co< [1+ (A/2rAx)?]!—(A/2eAx). For large Ax this is 
simplified to ¢=¢o(1—A/2rAx)~co/(1+A/2eAx), and it is 
seen that the velocity would decrease linearly with increasing 
wavelength. However, Ax is not infinite, since a photon must 
be somewhere within the universe, and hence Axmax=R, 
where R is the radius of the universe. Under this condition the 
correction to ¢o is, of course, extremely negligible (on the 
order of 1 in 10* for visible light), but R may once have been 
much smaller and the correction correspondingly larger. In an 
expanding universe the uncertainty in the velocity of light 
would vary inversely as the age, 7, of the universe: Ac =\/mr. 
Much smaller values of Ax might be possible for “confined” 
photons, as perhaps, within the hohlraum of a blackbody. 


* To be given at the end of Session U if the Chairman rules that time 
permits. 
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Repeat of the Preliminary Announcement of the 1959 Thanksgiving Meeting in Cleveland 


The 1959 Thanksgiving Meeting of The American 
Physical Society is to be held at the Case Institute 
of Technology in Cleveland on Friday and Satur- 
day, November 27 and 28. The Departrnent of 
Physics will be our host and all general requests 
for information should: be directed to Professor 
Leonard O. Olsen who is the Chairman of the Local 
Committee. 


The Wade Park Manor Hotel (East 107th Street 
at Chester Avenue) has been selected as the head- 
quarters hotel. It is five minutes’ walk from Case 
Institute, and its rates are $7 to $13 for a single and 
$10.50 to $17 for a double room. If you wish to 
stay at the hotel, write to it directly, and the sooner 
the better. 


Announcement of the 1959 Meeting of the Division of Fluid Dynamics 


The Division of Fluid Dynamics of The American 
Physical Society will again hold its annual Divi- 
sional Meeting this year over the three days pre- 
ceding Thanksgiving, namely, November 23, 24, 
and 25. The meeting will be on the campus of the 
University of Michigan, Ann.Arbor, and will be 
devoted to various aspects of the physics of fluids, 
including superfluidity, hydrodynamics, magneto- 
fluid dynamics, rarefied gas dynamics, turbulence 
and boundary layer phenomena, and high-speed and 
high-temperature fluid flows. The scope of the Divi- 
sion of Fluid Dynamics covers kinetic theory, sta- 


tistical mechanics, structure and dynamics of gases, 
liquids, and other fluids. Abstracts of contributed 
papers of not over 200 words, prepared in accord- 
ance with the rules printed in this Bulletin, should 
be sent in duplicate to the Secretary of the Division, 
Raymond J. Emrich, Department of Physics, Le- 
high University, Bethlehem, Pennsylvania. Dead- 
line date for receipt of abstracts is October 9, 1959. 
Room reservations should be made individually 
by writing to the Michigai Ann Arbor, 
Michigan, and mentioning the meeting of the Divi- 
sion of the Society. 


Union, 


1959 Gaseous Electronics Conference 


The twelfth annual Gaseous Electronics Con- 
ference will be held at Washington, D. C., in the 
National Bureau of Standards, on October 14, 15, 
and 16, 1959. Invited papers at this Conference will 
center around ‘‘Collisions between Atomic Sys- 
tems.’”’” Any member of the Society who desires 
more detailed information must write to the Secre- 
tary of the Conference, who is Dr. L. M. Branscomb, 


National Bureau of Standards, Washington 25, 
D. C. Abstracts of contributed papers may be sent 
to Dr. Branscomb (not to the Secretary of the Society!) 
and must reach him not later than August 29. Take 
note that it is the of the management 
of the Conference to accept or decline contributed 


papers that are offered. 


prerogative 


1959 Conference on Magnetism and Magnetic Materials 


Members of the Society who desire more informa- 
tion on this conference to be held in Detroit, 
November 16-20, 1959, should write to Dr. C. L. 
Hogan, Motorola Inc., 5005 McDowell Road, 


Phoenix, Arizona. A more detailed announcement 
of the conference is expected to be published in the 
next issue of the Bulletin. 


1960 Conference on Reactions between Complex Nuclei 


A second conference on Reactions between Com- 
plex Nuclei will be held on May 2 and 3, 1960, at 
Gatlinburg, Tennessee. Any member of the Society 
who desires more detailed information should write 
to Dr. Robert S. Livingston, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee. Abstracts of 


contributed papers may be sent to Dr. Livingston 
(not to the Secretary of the Society!) and must reach 
him not later than April 2, 1960. Take note that it 
is the prerogative of the management of the Con 
ference to accept or decline contributed papers that 


are offered. 
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Formation of a Division of Plasma Physics in The American Physical Society 


HE formation of the Division of Plasma 
Physics was approved by the Council of The 
American Physical Society on April 29, 1959. It is 
one of six Divisions within the Society devoted to 
the study of a specialized area of Physics. 

Any Fellow or Member of The American Physical 
Society may enroll in the Division by paying an 
initiation fee of $2.00. There are no additional dues 
for the Division. An Organizing Committee of eight 
members, appointed by the President of the Society, 
has met and is at present preparing by-laws and 
formulating plans which will be submitted later to 
the membership of the Division. 

The object of the Division shall be the advance- 
ment and diffusion of knowledge regarding the 
physics of highly ionized gases of natural or labora- 
tory origin—including their creation, containment, 
heating, and acceleration; their radiations, oscilla- 
tions, and stability; their transport, collective and 
wave properties; et al. 

In addition to taking part in the regular meetings 
of the Society, the Division plans to organize divi- 
sional meetings about once a year devoted exclu- 


American Institute of Physics 
335 East 45 Street 
New York 17, New York 


Gentlemen: 


sively to plasma physics. The first of these meetings 
is tentatively planned for sometime late in 1959. 
In addition, a meeting in June, 1960, is contem- 
plated in conjunction with one of the regular APS 
meetings. 

Members of The American Physical Society who 
wish to enroll in this Division must fill out and mail 
the form hereunder, not forgetting the check for 
$2.00. 

A meeting of the Division has been arranged for 
December 3, 4, and possibly 5 at the Naval Post- 
graduate School in Monterey, California. Further 
information may be obtained from Dr. Frederic H. 
Coensgen, P. O. Box 808, Livermore, California. 


Melvin B. Gottlieb, Chairman 
Marshall Rosenbluth, Vice Chairman 
Alan C. Kolb, Secretary-Treasurer 
Frederic H. Coensgen 

Henry Hurwitz, Jr. 

Wulf B. Kunkel 

James A. Phillips 

Albert Simon 


I am a member of The American Physical Society. Please record me as a member of its Division of 


Plasma Physics and inform the Organizing Committee of the Division. Herewith enclosed is my check 
(made out to American Institute of Physics) for two dollars as initiation fee. 


Yours truly, 
Name 


Address..... 
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MINUTES OF THE 1958 WINTER MEETING ON THE WEsT COAsT HELD AT THI 
Los ANGELES, CALIFORNIA, DECEMBER 29, 30, 


HE 1958 Winter Meeting on the West Coast 

cf the American Physical Society was held at 
Los Angeles, California, on Monday, Tuesday, and 
Wednesday, December 29, 30, and 31. This is the 
fourth year in a row that we have enjoyed perfect 
weather at our Winter Meetings. The sky was bright 
and clear, and the weather was balmy, so we were 
able to enjoy the excellent outdoor facilities which 
were made available for us by our hosts. The 
sessions were held in auditoriums surrounding a 
large open court that housed the registration area. 
Most of the extra-session conversations took place 
in this court, where coffee was served continually 
throughout the meetings. The great fire in Topanga 
Canyon New Year’s Eve marred the end of the 
meetings for those who were to attend parties in the 
Malibu area. For others, it provided a typical 
Southern California climax. 

There were 34 invited papers and 128 contributed 
papers, and again very few of the contributed 
papers were read by title. This is the first meeting 
in the recollection of the Local Secretary that an 
invited paper was not given (paper D2). The all-day 
session on the second day of the meeting, devoted to 
high-energy physics, was very well attended and 


UNIVERSITY OF CALIFORNIA, 
AND 31, 1958 


was generally deemed successful. This policy on the 
arrangement of the invited papers will undoubtedly 
be followed more and more at the meetings on the 
West Coast. The total paid registration was 750, 
and the banquet attendance was just 250. Four of 
Los Angeles 
k 


the major research companies in the 
and San Diego area contributed two coc 
held for members of the Society just before the 
banquet, and this is the third successive year that 
the dinner as 


tail parties 


we have been able to serve wine at 
well. The presiding officer at the banquet was 
Professor J. W. Beams, the of the 
American Physical Society. The principal speaker 
Urey, who spoke on ‘‘Some 
Ihe Society 


Presi lent 


was Professor H. C 
Comments on Present Day Physics.” 
was welcomed to the campus of the university by 
Chancellor Raymond B. Allen. 

The local chairman for this meeting was Professor 
J. R. Richardson, to whom we owe a great deal of 
thanks. 

W. 
Local Secretary 
Department of Physics 


A. NIERENBERG 
for the Pacific Coast 
University of California 


Berkeley 4, ( 


lifornia 


Errata Pertaining to Abstract L14 of the 1958 Los Angeles Bulletin 
(Series II, Vol. 3, No. 8) 


L14, by Shang Yi Ch’en and Allen Smith. In 
sentence, instead of ‘1.23 and 1.10 A,” read ‘‘1 
for A.’’ In the last sentence, instead of “respectively 


0.15,”’ read ‘‘0.07." 


MINUTES OF 
NEW ORLEANS, LOUISIANA, 


HE twenty-fifth meeting of the Southeastern 

Section of the American Physical Society, 
held at Loyola University on April 9, 10, and 11, 
1959, was attended by about 375 physicists from 
the region. The arrangements at Loyola University 
were made by F. A. Benedetto; the program was 
planned by another committee chaired by Paul 
Shearin. The program of 18 invited and 60 con- 
tributed papers appears below. Titles of one invited 


THE MEETING OF THE SOUTHEASTERN SECTION 


the third 
23 and 1.10 


0.07 and 


HELD \T Lovo 


11, 1959 


APRIL 9, 10, AND 


idditio il 


demonstration lecture and 
related to physics teaching 
was given M. Weinberg, Oak 
National During the 
Section chose Gatlinburg, Tennessee, as t 
of its 1960 on April 7, 8, and 9. 
Section also the 
for 1959-60: Chairmai I 


pa 
recorded i 
American Journal of iddress 


Alvin 


Laboratory. 


Ridge 
the 
ie site 
The 
following as its officers 


W. Cochran, | 


by 
meeting 
I 
meeting 

elected 


iversity 
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of Kentucky; Vice-chairman—H. W. Lewis, Duke 
University; Secretary—Howard Carr, Alabama 
Polytechnic Institute; Treasurer—Myron McCay, 
University of Chattanooga; Executive Committee- 


man—Max Goodrich, Louisiana State University. 
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Vincent Parker, Louisiana State University, is the 
retiring Chairman. 

HowArD Carr, Secretary 
Southeastern Section 
American Physical Society 


Instrumentation, General Physics 


(KARL Z. MORGAN presiding) 


Invited Paper 


Al. Neutron Diffraction Research. M. K. WiLkinson, Oak Ridge, National Laboratory. 


Contributed Papers 


A2. Neutron Diffraction Investigations of the Ferromag- 
netic Ordering in HoN. H. R. Cui_p, M. K. WiLkrnson, E. O. 
WOLLAN, AND J. W. CABLE, Oak Ridge National Laboratory. 
Neutron diffraction investigations have been performed on 
HoN at temperatures down to 1.25°K to determine the exist- 
ence of magnetic ordering in this compound at low tempera- 
tures. At the high temperatures the normal nuclear reflections 
are superimposed on a very high paramagnetic diffuse scatter- 
ing, but the diffraction patterns in the liquid helium tempera- 
ture region show strong magnetic reflections which indicate a 
simple ferromagnetic ordering of the atomic magnetic mo- 
ments. Measurements of the magnetic intensities as a function 
of temperature predict a Curie temperature in the neighbor- 
hood of 20°K. Preliminary calculations based on the coherent 
magnetic intensities and the difference in diffuse scattering 
above and below the Curie point give a value of about 7.5-Bohr 
magnetons for the atomic magnetic moments in the ordered 
ferromagnetic lattice. This value is considerably lower than 
the moment calculated for the Ho** ion (10.6 Bohr 
magnetons), but the diffraction patterns at low temperatures 
indicate an appreciable amount of inelastic scattering which 


free 


has not been analyzed. The high symmetry of the crystal 
structure of this compound (NaCl structure 


determination of the paramagnetic scattering and the corre- 


permits a good 


sponding magnetic form factor associated with the spin and 
orbital contributions to the atomic magnetic moments of 4 f 
electrons in this ion. 


A3. ac Measurements of Electron Flux in Media Irradiated 
by X-Rays. R. A. Finston, W. G. Stone,* H. H. HUBBELL, 
Jr., AND R. D. Brrkuorr, Oak Ridge National Laboratory. 
The electron flux within a x-irradiation is 
determined by measuring thé 
voltage curve of the electrons emitted by two closely spaced 
parallel plates in vacuum. Previously the derivatives were 
evaluated directly from the curve.! Now considerably in- 
creased accuracy, sensitivity, and electron energy range are 


medium under 


derivatives of the current- 


obtained by an ac method. Two signals of equal amplitude and 
frequencies 300 and 324 cps modulate the dc plate voltage 
The beat frequency amplitude is proportional to the second 
derivative. First derivatives were obtained by integrating the 
second derivatives, and both were used to determine the flux.? 
Fluxes in copper and aluminum have been measured out to an 
energy of about 50 -electron v. The spectra follow the inverse 
square dependence on energy noted before* out to about 20- 
electron v where they begin to fall off more rapidly. The total 
yield is proportional to the x-ray energy absorbed in the 


surface of the plates as calculated from mass absorption 
coefficients for x-ray energies from 30 kv to 200 kv. 
* Now at Redstone Arsenal. 
Birkhoff, Nelson, Hubbell, Jr., and Ritchie, Health Phys. 1, 219 (1958). 


?R. D. Birkhoff, Bull. Am. Phys. Soc. Ser. II, 3, 300 (1958). 
* Nelson, Birkhoff, Ritchie, and Hubbell, Jr.. ORNL-2521 


A4. A Sensitive Gamma-Ray Dosimeter.* B. L. BLANKs, 
AND kK. H. RowRER, Emory University.—A sensitive gamma- 
ray dosimeter for use both in phantom material and in body 
cavities is described. A one-quarter in.-diam lucite light pipe 
assures maximum light transfer from a one-quarter in.-diam 
inthracene scintillator to a 1P21 photomultiplier tube. Errors 
due to the scintillation of the lucite light pipe, and to the 
current generated by direct gamma radiation of the photo- 
multiplier tube, are cancelled by the use of a light chopper 
between the anthracene and the light pipe. The pulse amplifier 
and detection circuits are also outlined. The instrument is 
suitable for dosimetry range from 100 mr/hr to 
100 r/min. The maximum sensitivity of this instrument is 
about 10 times better than that of systems which use a hollow 
aluminum tube for a light pipe. 


over a 


* This work was supported by the U. S. Atomic Energy Commission 

AS. Beta Scintillation Spectrometry. L. K. AKERS AND 
D. L. Correy,* Oak Ridge Institute of Nuclear Studies The 
wide spread use of gamma scintillation spectrometers makes 
feasible the use of scintillation spectrometry for the identifica- 
tion and measurement of beta activity. The short-resolving 
time, high-counting efficiency, long life, and low cost of the 
beta detector make it desirable for many applications. The 
use of this method in low-level counting and in beta energy 
determinations will be discussed. 


* Now at Oak Ridge National Laboratory 


A6. Total Radiation Measurements on a High-Energy 
Vacuum Carbon Arc. J. F. Ports, Jr., Oak Ridge National 
Laboratory, AND C. H. WEAVER, University of Tennessee 
This paper described the design and use of a circular foil 
radiometer for diagnostic studies on a high- 
energy collimated by field. 
Data are presented illustrating the variation of total radiation 
from the arc with axial position, interposition of various 
filters, arc current, and magnetic field The arc 
column dissipates most of its energy in the form of electro- 
magnetic radiation. The interposition of filters between the arc 
that at least 95% of the arc 


thermoelectric 
a magneti 


vacuum carbon arc 


strength. 


and radiometer establishes 
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radiation is in the wavelength region below 2000 A. The 
radiation per unit length (for an arc of 3 to 6 in. in length) 
decreases from anode to cathode, the value near the cathode 
being 30% lower than near the anode. The total radiation from 
the arc increases with arc current; an inflection point occurring 
at 200 amps. The total are radiation increases linearly with 
magnetic field strength in a uniform magnetic field. 


A7. Radiation of Photons from Foils Bombarded by Charged 
Particles. R. H. RitcHteE AND H. B. Ex_prinGe, Oak Ridge 
National Laboratory.—Optical reflection experiments have 
been of great value in the study of electronic states in soiids. 
Ferrell has suggested! that photon emission by metal foils 
irradiated by charged particles should occur at wy, the charac- 
teristic plasma frequency of the conduction electrons. A fast 
electron supplies a nearly white electromagnetic spectrum of 
incident photons and selective reflection may occur at the 
frequency w,. This reflection may be treated using the formu- 
lation of Frank and Ginsburg? for the emission of transition 
radiation from foils bombarded by normally incident charged 
particles. Employing the classical dielectric constant of a 
metal it is found that the total frequency distribution of 
emitted photons varies as 1/w for w<w,. Low-energy photons 
are emitted primarily at grazing angles relative to the foil 
surface, while photons of frequency ~~w, are emitted around 
the normal to the foil. Experiments to detect the characteristic 
radiation from metal foils should be designed to take account 
of this characteristic of the angular distribution. 


1R. A. Ferrell, Phys. Rev. 111, 1214 (1958). 
21. Frank and V. Ginsburg, J. Phys., U.S.S.R. 9, 353 (1945). 


A8. Sputtering of Metals by Various Ions. O. C. Yonrts, 
Oak Ridge National Laboratory.—Sputtering ratios (atoms 
out/ion in) of copper have been determined in the energy 
range 10-40 kev with helium and deuterium. With argon 
ions, the energy range is 5-60 kev. Additional bombardments 
of copper have been made with N*, Ne*, Cut, Kr*, and Ut, 
all at 30 kev. Sputtering ratios of aluminum by helium ions 
have been determined over a limited energy range. Some 
measurements have been made on molybdenum and tantalum 
at 30 kev using At ions. Some preliminary values for the 
energy of the sputtered copper atoms have been obtained. 
Sputtering ratios vary from a low of 0.02 for He* on aluminum 
at 20 kev to a high of 9.2 for At on copper at 40 kev. 


A9. A Simple Low-Level dc Amplifier for Thermocouple 
Output Voltages. R. H. RonreER anp J. W. Cuipsey, Emory 
University.—A preamplifier for output voltages of differential 
thermocouples using a laboratory galvanometer and CdS 
photocells has been constructed. The device will deliver 5 mv 
to a recorder with input voltages as low as 20 mv. With simple 
modifications gains as high as 30000 may be obtained with 
good stability. Adequate feedback is incorporated to avoid 
instability due to photocell misbehavior, and the proper 
of reactances is sufficient to prevent oscillation. 
circuit include the simplicity of the 


choice 
Advantages of the 
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laboratory and 


amplifie rs designed for the 


design, the use of standard components, 
low cost compared with electronic 


same purpose. 


Al0. Electron Spin Resonance Studies of Chemical Protec- 
tion from Radidtion Damage.* WALTER GorDY AND ICHIRO 
MiyaGawa, Duke University—Certain chemical agents are 
known to reduce markedly radiation effects in animals. In 
the hope of obtaining information on their protective mecha 
nisms we are making observations of their effects on irradiation 
induced electron spin resonance patterns in proteins, nucleic 
acids, and other biochemicals. We find that quantities of 10% 
or less by weight of cysteine dissolved in rat liver, silk, casein, 
egg albumin, and zein alter completely the spin 
patterns produced by x- or y-irradiation and in rat liver and 
not charac- 


resonance 


zein produce a relatively sharp singlet resonance 
teristic of either the pure protein or the pure cysteine. In 
contrast, no detectable were observed for similar 
amounts of cysteine in the amino acids and simple peptides 
investigated so far. Blood fibroin and DNA showed no effect, 
and RNA gave only a weak, inconclusive effect. The results so 
far obtained suggest that the protective agents form 
plex with certain proteins or other large molecules which they 
protect from damage by absorbing the impulse 

which in some manner is transferred to them 

protectors are being studied 


effects 


a com- 


* This research was supported by the Office 
partment of the Army 


All. Electrical Polarization Induced in Electrolyte Satu- 
rated Earth Samples. Joun H. HENKEL, University 
—The phenomenon of electrical polarization 
electrolyte saturated earth samples by electric I 
similar in many respects to the phenomenon of the anon 
absorption of sound by gases; i.e., (1) there is an optimum 
frequency and electrolyte concentration for which the 
polarization is a maximum, (2) the dependence of 


nduced 
induced 
polarization upon clay content in the soil sample is very 
similar to the dependence of the sound absorption coeff 
Relaxation effects are introduced by 
in the 


icient 


in air upon humidity. 
assuming that there is a second state for the electrolyte 
soil sample and that the rate of transfer of electrolyte fro 
state to another is proportional to the effective concentr 


differences. 


Al2. Sound Absorption in Ethylene 
PHILLIPS AND JOSEPH W. SLOAN, 
(introduced by Robert Lagemann 
pressional waves in ethylene was measured by the 
method in the range of 270 k 2160 ke 
Subtraction of the classical and tube-effect absorption 
the internal absorption of the gas. The maximum internal 
absorption was found to occur at 875 kc/atmos at 29°C, 
corresponding to a vibrational relaxation time of 2.4410 
sec. Some special features of the experimental apparatus will 


C.H;). WiLL1AM B 
Vanderbilt University 
Che absorption of com 
ind-tube 
atmos to itmos 


y ielde d 


be discussed. 


Nuclear Physics 


(JosepH L. FowLer presiding) 


Contributed Papers 


Bl. Investigations of Atmospheric Cosmic Ray Neutrons. 
R. D. EpGr, University of South Carolina.—The Szilard 
Chalmers reaction employing an aqueous solution of sodium 
permanganate solution has been found to have definite 


itrons Measure- 
The Austr 


dence ol 


as a detector for cosmic 1 net 


inberra, A 


advantages 
ments made 
National 


e(—2/160) where x is the atmospheri 


istralia alian 


above & 


University) showed an altitude depe 


lepth in gm/cm?. The slow 
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neutron flux just below a water surface was determined by a 
similar method. Preliminary experiments to determine the 
cosmic ray neutron flux just above the earth’s surface will be 


described. 


B2. Low Energy Neutron Resonance in Lanthanum. J. A. 
Harvey, R. C. Block, anp G. G. SLAUGHTER, Oak Ridge 
National Laboratory.—Transmission measurements have been 
made with the ORNL high-intensity neutron time-of-flight 
spectrometer upon thick samples of lanthanum in search of 
weak resonances in this magi¢ neutron number nuclide. In 
addition to the strong resonance at 73 ev, three very weak 
resonances at 0.752, 3.06, and 21.3 ev were observed. Addi- 
tional transmission measurements were made upon a 359 
mg La!* sample enriched to 0.59% in La'8, and the resonance 
at 3.06 ev was definitely assigned to La!** (which is present to 
0.089°% in natural lanthanum). The resonance at 0.752 ev was 
not observed in the La'* sample and is tentatively assigned 
to La’. The radiation width of this resonance is only 
0.055 +0.010 ev, which is considerably smaller than that of the 
73 ev resonance in La'®, This resonance at 0.752 ev, when 
assigned to La!, has a neutron width of only 81078 ev and, 
hence, is very probably not a s-wave resonance. Thick samples 
of other nuclides, such as praseodymium, are being investi- 
weak resonances not previously 


gated in search of 


( ybsery ed. 


very 


B3. High-Output Level Time-to-Voltage Converter. D. G. 
MAEDER, Oak Ridge National Laboratory.—A new time-of- 
flight measuring apparatus was designed for neutron experi- 
ments with a pulsed Van de Graaff generator. It differs from 
conventional time-to-amplitude converters in that it produces 
a de output large enough to be fed directly into a multichannel 
amplifiers and pulse stretchers be- 
conversion and the voltage measurement are 
converter itself has the features of a 
ind it cancels the stretching period 
For 


sorting device. 
tween the time 
thus eliminated. The 
precision pulse stretcher, < 
for those events whose delay time exceeds a certain Tmax. 
such events, deadtime is reduced to ( Tmax +Treset), Whereas the 
conventional arrangement would be overloaded. Since practi- 
cally all operations are performed by dc coupled logical 
circuitry, time conversion factor and stretching period may be 
chosen arbitrarily range. Presently available 
version factors of 3, 6, 12, 24, and 48 musec per volt, with the 
output scan set at 67 v, correspond to a selection of Tmax from 
200 musec to 3.2 psec. Resolution is 2.5 musec full width at 
half maximum, as tested with Na* annihilation coincidences 
using fast scintillators, independent on the length of delay 
cable inserted in the ‘‘Stop”’ channel up to at least 120 muysec. 
Factors governing linearity, long term stability, maximum 
useful stretching time, compensation of the ‘“‘walk”’ effect, and 
>10 000 counts/sec will be discussed. 


separate 


in a wide con- 


behavior at 


B4. Neutron Radiative Capture Cross Sections from 10 to 
150 kev. J. H. Grpsons, R. L. MACKLIN, P. D. MILLER, AND 
J. H. NeILerR, Oak Ridge National Laboratory.—The ORNL 
3-Mv pulsed Van de Graaff has been used with a large liquid 
scintillator! to study neutron capture cross sections as a func- 
The measurement of the absolute 
at 29 and 63 kev.? Relative 
values were normalized to y-rays from B(n,ay)Li’, assuming 
behavior for this cross section.* The slope of the cross 
section results (o~E~* on the average) in the energy range 
30-70 kev is in good agreement with the ‘‘threshold”’ measure- 
ments at 29 and 63 kev. Results will be presented on the 
following heavier elements: Ho, Tb, Ta, Pt, Pd, Ag, Au, Nb, 
In, Sb. Cross section departure from a simple power depend- 


Ag, and Au. 


Phys. Soc. Ser. II, 4, 


tion of neutron flight time. 
cross section was determined earlier 


a 1/v 


ence on energy is particularly noticeable for Pt, 


1 Neiler and Miller, Bull. Am. 
43 (1959) 

2 Macklin, 
43 (1959) 

3 J. H. Gibbons and R. L. 


, Macklin, Gibbons, 


Neiler, Gibbons, and Miller, Bull. Am. Phys. Soc. Ser. II, 4, 


Macklin, (to be published). 
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BS. Scattering of Neutrons from Beryllium. J. L. FowLer 
AND H. O. Coun, Oak Ridge National Laboratory.—F urther 
measurements of the differential scattering of neutrons from 
Be with an intense neutron source! have improved the accuracy 
of the cross sections reported previously.? In the energy range 
1.9-4.6 Mev, the neutron total cross section of Be has also 
been measured with 25 kev resolution. Agreement with the 
data of Bockelman et al.’ in the range of energies common to 
both sets of data is good providing both are corrected for 
inscattering by use of the differential measurements. As 
explained previously,” a qualitative analysis of the differential 
curves leads to an assignment of J=2+ for the quantum 
parameters of the broad level at 3.0 Mev. A more detailed 
analysis indicates that there is ney Ae on this broad 
resonance a somewhat narrower d level. This information and 
the magnitude of the total cross section gives tentative spin 
and parity assignments of 4— for this latter level. A phase 
shift analysis of the scattering data will be discussed. 


1A helium-cooled, double foil, T(p,n) gas cell developed by R. W. 
Lamphere. 
2j.L.F 


3 Bockelman, 


*owler and H. O. Cohn, Bull. Am. Phys. Soc. Ser. II, 3, 305 (1958) 
Miller, Adair, and Barschall, Phys. Rev. 84, 69 (1951). 


B6. Cross Section for the Al?’ (n,a)Na** Reaction as a Func- 
tion of Neutron Energy. H. W. ScuMitT AND J. HALPERIN, 
Oak Ridge National Laboratory.—The Al?"(n,a)Na*™4 
section has been measured as a function of neutron energy 
from 6.2 to 8.3 Mev and at 14.8 Mev. The measurement was 
made relative to the fission cross section of U**8 using samples 
of aluminum mounted adjacent to and concentric with a thin 
deposit (~100 ywg/cm*?) of U**. The number of Al?"(n,a) 
events was determined by counting y rays from the residual 
radioactive Na*™ nuclei. The y-ray detector was a Nal(TI) 


cross 


crystal whose efficiency was measured in auxiliary experiments 


using coincidence techniques and 47-beta-counting. The 
number of neutrons incident on the aluminum sample was 
determined by counting fission fragments from the U** 
deposit in a 27 ionization chamber. While a number of peaks 
appear in the cross section vs energy curve, there is a general 
increase in cross section with increasing neutron energy, from 
3 millibarns at 6.2 Mev to about 46 millibarns at 8.3 
14.8 Mev is 11748 


about 
Mev. The 


millibarns. 


measured cross section at 


B7. 60° Deflection, Uniform Field, Double-Focusing Reac- 
tion Product Magnet. H. B. WILLARD AND J. K. Barr, Oak 
Ridge National Laboratory.—A reaction product magnetic ana- 
lyzer has been constructed! which employs a uniform field and 
fringe field focusing to achieve a reasonably large solid angle. 
Utilizing Cross’ notation,’ the design parameters were § = 15", 
6=60°, 1’=1, 1” =2.06, e, =56° 34’, e2 = —32° 16’, gap =0.75”, 
Gmax = +5.5°, wmax = +1.2°. The boundaries and locations of 
object and image distances were corrected for the effect due to 
the fringe field.? Resolution measurements, taken with a thick 
gold target, a one-mm square object size, and the full solid 
angle of the magnet, reached an optimum value of 1/500 in 
momentum for an image width of 1.5 mm in the bending 
plane. The theoretical maximum solid angle of 0.006 steradians 
has not yet been checked experimentally. This magnet can 
bend 17.6-Mev protons, and is variable in angle from 15° to 
145°. Preliminary data on the elastic scattering of protons by 
Si? will be presented. 


1 » Built by Pacific E aoetete Motor Corporation, Oakland, California 


W. G. Cross, Rev. Instr. 22, 717 (1951). 
a kK I. Bainbridge, ieuakanael Nuclear Physics (John Wiley & Sons, 
Inc., New York, 1953), Part V, Vol. I. 


B8. 22-Mev Proton Elastic Scattering from Ni’, Zn‘, and 
Cu. C. B. FuLMER, Oak Ridge National Laboratory.—I\t has 
been suggested! that the real sealed potential well depth, V, 
for nucleon-nucleus scattering depends on the parameter 





386 AMERICAN 


(N-Z)/A; ie., V=—[(Vit(N-Z)/A)V2] for protons and 
neutrons, respectively. Such a variation should manifest itself 
in variations in the angular distributions of nucleons elastically 
scattered by isobars. In particular the positions of the maxima 
and minima, which depend largely on VR,? should vary. The 
external proton beam of the ORNL 86-in. Cyclotron was used 
in a search for these variations; an examination was made of 
the angular distributions of 22-Mev protons elastically 
scattered from Ni®™, Zn®, and Cu. The scattered protons were 
detected with a Nal(TI) scintillation detector; pulse height 
analysis was used. The results indicate that for 22-Mev 
protons (V2/V,) is too small for the (N-Z)/A dependence of 
V to produce observable effects in experiments of this kind. 


. E. S. Green and P. C. Sood, Phys. Rev. 111, 1147 (1958). 
. E. S. Green, private communication. 


if 
2/ 


B9. Energy Dependence of N'‘-C!* Elastic Scattering. 
M. L. HALBert, C. E. HUNTING, AND A. ZUCKER, Oak Ridge 
National Laboratory.—The 28-Mev N** beam from the ORNL 
63-in. cyclotron has been used to study the elastic scattering 
of N'* by C. To distinguish elastic scattering from other 
events, the scattered and recoil particles were detected in 
coincidence by CsI(T1) scintillation counters. The differential 
cross section was measured at full beam energy (about 27.7- 
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Mev mean energy in the target) and with the energy degraded 
by a nickel absorber (about 24.4-Mev mean energy At the 
lower energy, the magnitude 


of the cross secti is larger by a 


factor of approximately two. The angular tributions at 
small angles are generally similar. At large angles n 
minima are observed, but at different angles for the 


energies. 


ixima and 
two 


B10. Nuclear Spin of I**. J]. E. SHERWoop, S. J. OVENSHINI 
AND G. W. PARKER, Oak Ridge National Laboratory Che 
nuclear spin of 2.3-hr I'* has been d mined by the 
beam magnetic resonance method 1e isotope 
by irradiating 200 mg of aluminum-clad | in a 
neutron flux of 10 10 days. After 
sample was heated with Nal first in air and 
mental |? 133), and I['® dist 


1432 activity is decay of 


itomk 
Was pre pared 
thermal 
cm? sec for three days, the 
whereupon el 
2.3-hr 
product Te!.) A « 
performed with the detector so 
Frequencies 
applied and flop was clearly 
was then repeated in tl 
observed at spin 


presently accepted 


77-h1 


t was then 


maintained by fission 
ynal Rabi-ty 


idju is t to count |"! 


onvent« pe exper el 


corresponding were 


Invited Paper 


B11. Study of the Beta Decay Interaction by Recoil Experiments. ( 


National Laboratory. 


LELAND H 


Symposium on High-Energy Accelerators 


(RoBERT S. LIvINGsTON presiding 


Cl. Brookhaven 25-Gev Accelerator. JoHN H. BLEwett, Brookhaven National Laborator 
C2. Experimental Facilities for the Princeton-Pennsylvania 3-Bey Synchrotron. GERALD 


O'NEILL, Princeton University. 


C3. Progress Report on the Southern Regional Accelerator. | 


Laboratories. 


\. WELTON, Oak Ridge 


C4. High-Energy Experiment with the Duke Liquid Helium Bubble Chamber. Han 


Oak Ridge National Laboratory. 


Theoretical Physics 


(M. E. 


ROsE presiding 


Invited Papers 
D1. Perturbation Theory Approach to the Nuclear Many-Body Problem. |. S. Levin 


State University. 


D2. Superfluidity in Fermion Systems. Leon N. Cooper, Brown 


Contributed Papers 


D3. Cluster Expansions and Ground State of Bosons with 
Repulsive Interactions. V. H. SmirH anp H. A. Gerscu, 
Georgia Institute of Technology (introduced by L. D. Wyly, 
Jr.).—The properties of a Bose system of particles with 
repulsive interactions has previously been treated using 
perturbation theory in the formalism of second quantization.! 
The same problem has also been considered by dealing with the 
wave function in configuration space, using the theory of 
cluster expansions.’ Here, variation with respect to a parame- 
ter in a trial function for the ground state has been shown to 


yield a ground state e1 
expressions obtained from 
treated the cluster expansio1 
equivalent to the perturbatio 
mation of pair excit 
problem yields 
energy as previously ol 

1 Lee, Huang 


?F. Iwamoto 
(1957) 
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D4. A possible Unified Phenomenological Description of 
Nuclear Gross Structure.* P. J. Wyartt,t ]. Witts,t Anb 
A. E. S. Green,t Florida State University.—A unified de- 
scription of the gross structure of neutron bound states and 
neutron-nuclear elastic scattering is attempted. Non-local 
diffuse boundary IPM potentials are utilized with the hope 
of having the potential parameters no longer explicitly 
dependent upon energy. The calculations have been carried 
out with the aid of the two IBM-704 codes. One code (by 
P.J.W.) yields predictions as to angular distributions and 
polarizations, total cross-sections and non-elastic cross-sections 
in phenomenological potentials. The second code (by J.W.), 
which is an adaptation of an earlier code for the ORNL 
Oracle, gives the bound state eigen-values for neutrons in the 
corresponding potentials. In the scattering problem, an 
imaginary term is incorporated which in initial studies has 
been taken as proportional to the derivative of the real 
potential. Other forms are also investigated. Comparisons of 
experiment and theory in a number of cases will be shown. 

* Work carried out at Los Alamos Scientific 
Florida State University with the support of a grant from the U. 


t Now at Florida State University. 
t Los Alamos Scientific Laboratory. 


Laboratories, and at the 
S. A. E. ( 


D5. Bound States of O'’, Si”, and Ca‘!.* F. C. KHANNA 
AND A. E. S. GREEN, Florida State University.--Bound states 
of O', Si” and Ca* have been studied using a non-local, 
diffuse boundary potential with a spin-orbit term. The radial 
part of Schédinger’s equation has been solved using an IBM- 
704 program to obtain the eigen values and the eigen functions. 
It is found that wave functions for 1p and 1d5,2 state are quite 
similar for all three nuclei. An attempt has also been made to 
obtain simple approximate analytic representations of these 
numerical wave-functions which could then be used for matrix 
element calculations. Results of initial studies will be 
presented. 

* Work carried out at Florida State University with the aid o 
from the U. S. Atomic Energy Commission. 


D6. On Single Particle States in Diffuse Spheroidal Non- 
Local Potentials.* RK. H. LemMMER anp A. E. S. GREEN, 
Florida State University.—The effects of spheroidal distortion 
on nucleon motion in a velocity dependent potential well with 
a diffuse boundary is investigated. The deformed level scheme 
and wave functions can be found numerically by standard 
methods from a knowledge of the energy levels and radial 
wave functions of the corresponding spherical well. 

The numerical dependent 
equation obtained from an IBM-704 program using diffuse 
well shape are employed to complete the matrix elements of 
the deformation-perturbation. Straightforward diagonaliza- 
tion then gives the deformed energy eigenvalues and eigen- 
vectors as a function of the deformation. 


solutions of a velocity wave 
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The well-parameter for a given nucleus, i.e., well-depth, 
half-radius, diffuseness, nonlocality, and spin-orbit strength, 
are chosen so as to represent the relevant scattering data as 
well as possible. Detailed calculations of the ground-state 
moments and inertial parameters as a function of the nuclear 
deformation can then be made. 

Preliminary results for Si” are presented and compared with 
existing calculations based on the Nilssen Potential. 

* Work carried out at Florida State University with the aid of a grant 


from the U. S. Atomic Energy Commission 


D7. Evidence for Collective Excitation in Ca”.* R. H. 
Davis, Florida State University.— In spite of the doubly closed 
shell structure of Ca®, the interpretation of the excited states! 
of this nucleus in terms of the shell model is somewhat un- 
need to invoke a two-nucleon 
first excited state and a lack of 


satisfactory because of the 
excitation to explain the O 
uniqueness in the assignments for higher states. The low-lying 
states may also be interpreted as vibrational states according 
to the collective model, but again the O* first excited state 
requires some refinement in the model, unless it is simply a 
breathing mode excitation. Evidence for collective effects in 
the first three is found in the correlation between 
excitation energies of states observed in the elastic scattering 
of protons? from Ca with those observed in the inelastic 
proton scattering experiments.’ Maxima in the inelastic 
scattering strength closely correspond to a recurrence of the 
low-lying states in Sct! above a Ca“ core in one of its first 
three excited states. This correlation is simply explained if the 
core states are collective in character. 


states 


* Supported in part by the U. S. Air Force Office of Scientific Research. 

1 Nuclear Level Schemes, T1D-5300, National Research Council, Washing 
ton, D. C. (June, 1955). 

? Davis, Prosser, Spencer, Young, and Johnson, Bull. Am. Phys. Soc. Ser. 
II, 2, 304 (1957) 

3 J. H. Johnson and C. M. Class, Bull. Am. Phys. Soc. Ser. II, 4, 97 

*R. D. Bent and T. H. Kruse, Phys. Rev. 109, 1240 (1958) 


1959) 


D8. Pseudoscalar Interaction in Nuclear 8 Decay. C. P. 
BHALLA, University of Tennessee, AND M. E. Rose, Oak Ridge 
National Laboratory.—The V-A (vector-axial vector) theory 
of nuclear 8 decay, as proposed by Feynmann and Gell-Mann, 
and Sudarshan and Marshak (1958) has met with considerable 
success in explaining most of the experimental results. But the 
question of the pseudoscalar interaction in nuclear 8 decay has 
not been settled completely.! Following the Rose and Osborn 
formulation? of pseudoscalar interaction, the longitudinal 
polarization of 8 particles from O—- O (yes) transitions has 
been calculated with Coulomb included. The two 
component theory of neutrino and time-reversal invariance are 
assumed. A numerical analysis of the theoretical results and a 
comparison with the measurements on Pr!‘ will be presented. 


effects 


! Discussion in Gatlinburg Conference on Weak Interaction (1958) 


M. E. Rose and R Osborn, Phys. Rev. 93, 1315 (1954) 
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H2. Collision of Ionized Gas Clouds. E. G. Harris, The 
University of Tennessee and Oak Ridge National Laboratory.— 
Kahn! has shown that when two very low density (about one 
particle per cubic centimeter) gas clouds collide with very high- 
relative velocities (about 108 cm/sec) unstable plasma oscilla- 
tions are more effective in destroying the ordered motion 
than are close collisions between the particles. Kahn neglected 
the temperature of the clouds. We have reconsidered the 
problem, taking into account the finite spread in the velocities 
of the particles in the clouds and also the effect of a magnetic 
field. A spread in velocities leads to damping of the oscillations. 
The magnetic field does not affect those oscillations with wave 
vectors along the field but does modify those oscillations with 
wave vector at an angle to the field. In the presence of a 
magnetic field the plasma oscillations can be coupled to 
transverse electromagnetic waves outside of the clouds. It is 
conjectured that this is the cause of the radio emission 
observed from colliding galaxies. 

1F. D. Kahn, Revs. Modern Phys. 30, 1069 (1958). 


H3. Probe Measurements in Plasma Jets. CHARLES CASON 
AND T. A. Barr, JR., Redstone Arsenal.—Heat transfer rates 
to a cold body have been measured by use of a water cooled 
copper probe. Variation of arc power, gas, flow rate, and 
nozzle area ratios produced heat transfer rates from 170 to 
1700 w/cm?. 

Electrical conductivity profiles of the plasma jet have been 
measured using the Wilson probe technique. Temperature 
profiles are estimated from the conductivity data using shock 
tube results. 


H4. Spectroscopic Analyses of Argon Plasma Jets. T. G’ 
Roperts, W. L. HALEs, AND W. G. STONE, Redstone Arsenal. 

The spectroscopic techniques used in determining the 
temperatures in an argon plasma jet are described. The plasma 
is produced by an electric arc heater similar to the one de- 
scribed in a previous paper.' One technique employs an iron 
vapor as a tracer in the plasma. The excitation temperature 
for the tracer is determined from two iron emission lines 
(3902.95 A and 4005.25 A) for which the transition proba- 
bilities and f values are known. In another technique a 
sodium tracer is used to locate the 4700°K isotherm. The 
Saha equation for the population ratio n(ion)/n(neutral) is 
used to determine a temperature for maximum spectral 
emission for neutral atoms. The same method was applied to 
temperature determination in an argon plasma without a 
tracer. The position at which the gas appears to have a 
temperature of 17000°K was located using an argon line 
(4289.1 A). 

1 Charles Cason and T. A. Barr, Jr., Bull. Am. Phys. Soc. Ser. II, 3, 302 
(1958). 

HS5. Spectroscopy of a Thermonuclear System Component 
—Magnetically Confined, High-Current, Vacuum Carbon Arc. 
M. R. SkipMoreE, J. R. McNALty, Jr., AND G. K. WERNER, 
Oak Ridge National Laboratory.—This paper will report on the 
spectroscopic properties of the molecular ion breakup system 
used at the Oak Ridge National Laboratory in its approach 


toward attaining a thermonuclear plasma. The breakup 
system, due primarily to J. S. Luce, 
current, magnetic ally collimated vac We have 
used an ORNL -constructed Seya t1 pe vacu 1 spectrometer to 
obtain intense spectra of this arc down to 312 A and a Bausch 
& Lomb echelle attachment to study ordered as well as random 
Doppler motions. Strong spectra through C IV and O \ 
been observed except for neutral atom spectra ich are 
extremely weak. 

ordered motion ; 
axial oscillations appear to exist especially toward the cathode 
end of the long arc. ‘Temperatut ” es t tl rder of 
500 000°K although the distributi | 
Maxwellian. 


consists of a long, high- 


um carbon ar 


have 


Doppler slant effects? corresponding to 


round the arc axis are pronounced 


ind strong 


1J.S. Luce, Studie Inte 
International Conference on the Pe 
Switzerland (1958); The ORNI 
2457 (1958). 

2 See, for example, J. R. McN Jr 
R. McNally, Jr 


Am, 47, 863 (1957); J 
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13. Spectra of the Rare Gas Oxides.* C. Dewey Cooper, 
University of Georgia.—When traces of oxygen are added to 
one atmosphere of argon, krypton, or xenon and the mixtures 
are excited in a discharge tube, characteristic spectra appear 
near the 5577 A oxygen line.'~* These spectra are associated 
with rare-gas oxygen molecules which may be formed with 
oxygen in the '.S») state. New bands have been found in the 
XeO spectrum which requires that the v” value be increased 
by one in the original assignments given by Herman.! The 
XeO bands may be represented by »=20 097+142v’ —9.9v 
+0. 1v’8 —(3600’’ —12v’"2). Many of the rotational lines of these 
bands have been resolved, but the overlapping of bands has 
prevented a complete rotational analysis. 


Research 


* This research was supported in part by the Geophysics 
Directorate, Air Force Cambridge Research Center 
L. Herman and R. Herman, J. Phys. Radium 11, 69 (1950). 
2C, D. Cooper and M. Lichtenstein, Phys. Rev. 109, 2026 (1958 
3 L. Tolnas, Bull. Am. Phys. Soc. Ser. II, 4, 67 (1959) 


I4. Infrared Intensities, Bond Moments, and Bond Moment 
Derivatives for PF; and POF;. J. L. DUNLAp* AND Ernest A. 
Jones, Vanderbilt University.—The absolute infrared absorp- 
tion intensities of the fundamental bands of PF; and POF; 
were determined by use of the Wilson-Wells extrapolation 
theorem, and the absolute value of each du/0Q, was calculated 
from the corresponding intensity. Internal coordinates (r 
and symmetry coordinates (R) were defined for each molecule 
and the sets of 6u/0Q, were transformed to sets of du/AR;. In 
the case of PF;, this transformation was repeated for each of 
several reasonable molecular potential functions. In the case of 
POF;, the potential function employed was characterized by 
the use of diagonal terms in the Wilson F matrix. Non- 
interacting bond dipole moments were assumed, and equations 
were derived relating the du/dR; values to the bond moments 
and bond moment derivatives. The solutions of these equations 
will be presented and will be interpreted in terms of bond 
structures and static dipole moments. 


* Now at the Oak Ridge National Laboratory 


I5. Molecular Constants of HCOF and DCOF.* Roy F. 
STRATTONT AND ALVIN H. NIELSEN, The University of Tennes- 
see.—Reports on the infrared grating spectra of HCOF and 
DCOF have been given at previous meetings.! Spectra were 
hybrid appearance of the 
resulting from dipole moment changes along the least and 
intermediate axes of inertia for the fundamental vibrations. 
Analyses of bands of both molecules, mainly below 2500 cm~, 
have yielded the following average rotational constants in 
cm: for HCOF B” =0.3673, A” —B” =2.661; and for DCOF 
B’ =0.3649, A’’—B’’=1.806. By choosing the C—H(C—D) 
distance = 1.080 A and varying the C—F, and C—O distances 
and the FCO angle within the error limits set by the electron 
diffraction? experiment, it was possible to calculate a set of 
rotational constants which agree with the above experimental 
set within the errors of the infrared experiment. It appears 
that molecular parameters with both electron 
diffraction and infrared measurements are: r(C —H or C—D 
= 1.080 A, C—F) =1.3428 A, r(C—O)=1.1857 A, FCO 
(angle) =122° 14’ 


shown illustrating the bands 


consistent 


* Supported in part by Office of Ordnance Research, U. S. Army. 

t Present address: Oak Ridge National Laboratory. 

1 R. F. Stratton and A. H. Nielsen, Bull. Am. Phys. Soc. Ser. II, 1, 259 
(1956); 2, 285 (1957) 

2 Jones, Hedberg, and Schomaker, J. Am. Chem. Soc. 77, 5278 (1955) 


I6. Raman and Infrared Spectra of the (BF,)~ Ion. Don F. 
HARMON AND ERNEsT A. JONES, Vanderbilt University.—The 
Raman and infrared spectra of several compounds containing 


the (BF,4)~ ion have been studied. The infrared spectra of 
KBr pellets containing both solid and liquid fluoborates were 
measured in the region 2 to 25 uw with a Perkin-Elmer double 
beam spectrophotometer. Several absorption bands were 
observed including all of the allowed fundamentals, which 
showed the the isotope effect. The Raman spectra were 
observed for the fluoborates that were colorless liquids, and 
all allowed fundamental vibrations were recorded. The data 
were in agreement with a tetrahedral (74 symmetry) for the 
(BF,4)~ ion. 


17. Infrared Study of Mixtures of Zinc Chloride and Cal- 
cium Chloride with Acetic Acid, Ethyl Alcohol, and Acetone. 
R. J. LovELL AND M. R. Pautson, The University of Tennessee. 

An infrared study of mixtures of zinc chloride and of calcium 
chloride with acetic acid, ethly alcohol, and acetone has been 
carried out in the region from 2 to 15 yw. This was done to try 
to determine from changes in the spectra how the halide and 
the solvent had associated. Addition of zinc chloride and of 
calcium chloride to acetic acid caused changes in O—H 
deformation bands and in the C —O stretching band. Addition 
of zinc chloride and of calcium chloride to ethyl alcohol caused 
changes in an O—H deformation band and in a band which is 
assigned to the effect of hydrogen bonding on the skeletal 
vibration which involves stretching of the C—O band. 
Addition of zinc chloride to acetone caused no changes which 
could not be attributed to the effects of the water of hydration 
in zine chloride. Calcium chloride did not dissolve in acetone. 

From these changes it would seem probable ‘!iat the metal 
of the halide in each case has become associated with the 
oxygen of the hydroxyl group in acetic acid and in ethyl 
alcohol. 


I8. Absorption Spectrum of x-Irradiated Potassium and 
Sodium Chlorate.* W. E. WEBB, W. G. MouLton, Anp W. B. 
ArD, JR., University of Alabama.—The absorption spectrum 
of x-irradiated potassium chlorate in the region from 0.2 to 
15 mu has been examined. A single strong absorption band has 
been found in the near ultraviolet. This band is Gaussian with 
the maximum absorption at a quantum energy of 2.69 ev and 
a half-intensity width of 0.35 ev. The transmittancy of the 
the crystal was found to be an exponentially decreasing 
function of irradiation time and independent of the time 
elapsed since irradiation. In fact, within the limits of our 
experimental error, there was no decrease in the intensity of 
the band several weeks after irradiation. In irradiated sodium 
chlorate the same band was observed, although it was much 
weaker and was shifted slightly toward longer wavelengths. 
Another band at 4.0 ev was also observed in this centered 
compound. 

rhe infrared spectrum of potassium chlorate showed no 
change after irradiation. The conductivity and index of refrac- 
tion also appear to be unaffected. 


* This work sponsored by Office of Ordnance Research 


I9. Infrared Absorption Intensities of Ions in Solid Solu- 
tions. JAMES R. Lawson, Fisk University, AND HENRY W. 
MorGan, Oak Ridge National Laboratory.—The intensities of 
the characteristic infrared absorption bands of CO;", SO, 
NCO- and other polyatomic inorganic ions have been observed 
to show marked increases when the ion is in a dilute solution 
of KBr, KCl, or other alkali halides. The solid solutions were 
formed by fusing the salts with alkali halides and then 
quenching. Samples for spectroscopic analysis were subse- 
quently prepared by the pressed disk technique. The resulting 
intensity increases observed suggest the possibility of quanti- 
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tative determination of inorganic ions at extremely low con- 
centrations. The data obtained also provide an explanation 
for the presence of weak “‘impurity”’ bands found in KBr dried 
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Ji. Survey of Cyclotrons and Other High Energy Accelera- 
tors. FREDERICK T. Howarp, Oak Ridge National Laboratory. 

A recent canvas of the world’s laboratories indicates a total 
of over 140 cyclotrons and other high energy accelerators. 
Verified detailed data were obtained for over 110 machines, 
including at least two of the 30 machines reported for eastern 
Europe. The vigor with which nuclear studies are being 
pursued is indicated by the large number of machines (50) now 
under construction, being designed, or subject to serious study. 
An examination of the data for these new machines suggests 
the ingenuity with which concepts of periodic magnetic field 
configurations are being applied to accelerator design. In the 
low to medium energy range the FF cyclotron is being pro- 
vided with an aximuthally varying magnetic field and a 
choice of frequencies for the acceleration of severz! ions to 
various energies and for operation at relativistic energies. The 
alternating gradient principle is being used to markedly 
increase the energy of both proton and electron synchrotrons 
and of linear accelerators. Apparently no new FM cyclotrons 
are being developed. Some of the features of the newer 
machines will be reviewed. 


jJ2. Analysis of Magnetic Field Measurements in the 
Electron Model Cyclotron. Witson M. BARNES AND DONALD 
L. LAFFERTY, University of Florida.—Previous papers!:? have 
described the method used to calculate the magnet pole-face 
contour for a spiral-ridge electron cyclotron and the technique 
used to measure the resulting field. This paper describes the 
digital computer techniques used to analyze the field measure- 
ments, and presents an evaluation of the methods used for 
calculating and producing the pole-faced contour. The theo- 
retical and experimentally-realized fields will be compared and 
the predicted particle dynamics in the measured field will be 
discussed. 

! Elfe, Cobb, and Lafferty, Bull. Am. Phys. Soc. Ser. II, 3, 298 (1958). 
(1958) M. Barnes and D. L. Lafferty, Bull. Am. Phys. Soc. Ser. II, 3, 298 


J3. Eight-Sector AVF Electron Cyclotron. J. A. MArtTIN, 
Oak Ridge National Laboratory.—A fixed-frequency electron 
cyclotron with a maximum energy of at least 450 kev is being 
built as an analogue of a proposed 850-Mev proton accelerator. 
The cyclotron is of the azimuthally-varying-field type with 
eight spiralled sectors. The radial focusing frequency, increas- 
ing throughout the acceleration, is equal to the orbital 
frequency at the center and reaches twice that value at final 
energy. Throughout acceleration the axial focusing frequency 
is held nearly constant at about one-fifth the orbital frequency. 
A high-precision requirement for the magnetic field is charac- 
teristic of machines of this type. To maintain isochronism 
the average magnetic field must be accurate to 1 part in 104; 
the azimuthal variation of the magnetic field at the outside of 
the machine must be carefully controlled to keep the axial 
focusing frequency within narrow limits. The methods of 
achieving the desired magnetic field configuration will be 
described. The radial and axial stability of orbits in the 
machine will be discussed briefly. 


J4. Microscope Stage for Large Emulsions.* | 
AND D. T. KinG, The University of Tennessee lhe introduc- 
tion of large emulsion stacks was based on the need to arrest 
and identify fast decay products.! The problem of distinguish- 
ing the pions among the forward fast particles emitted from 
stars provides a further reason. With large em 1 plates the 
occurrence of secondary interactions by wh t 


L. CHILDERS 


be identified is increased. It is notable that sixt 
pl 
acco 


emulsion are sufficient to stop a 400-Mev 
Construction of a scanning 
plates was undertaken. The plate carrier, 
3.55 feet, will hold plates as large as 30 in 
carrier is supported on a rigid base plate by freely ling steel 
balls. Traversing mechanisms are mounted below the base 
plate and attached to the plate carrier throug! hole which 
in opening for the illumina te Che 
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isions 


he plate 


also serves as 
traversing mechanism consists of sliding 
lead screws. The optical system and f 
of a slightly modified Bausch & 
may be tilted to facilitate scanner 

* Supported by the National Scie 
1 Nuovo cimento 2, 1063 (1955 


J5. Anelasticity of Multiple Pion Production in 2.7 
Collisions.* W. M. BuGcG anp D. T. Kino, 7) , 
Tennessee.—Measurements have been complet: 
which represent possible collisions be 


twee 


tron protons and free protons in nucle 
this type must have an even number 
prongs and must show no evidence « 
mediate presence of nuclear matter 

Eighty-five two prong and 23 four prong ev 
The ten elastic events were separated fr 
prong events by coplanarity 
From the inelastic events came 
identifiable through scattering, 
measurements. The momentum and angula 
these particles in the center of mass system 

There are 42 events from which a charged 
and was identified. These 42 events have bee 
completely as possible in order to obtain inf 
anelasticity of proton-proton collisions. The 
event is defined as the ratio of the total energ 
of all the pions produced, to the total availal 
system. A preliminary distribution of the 
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* Supported by the National S 


J6. Kinematics of Elementary Particle Reactions. Harr\ 
C. MEYER, III, anp W. G. HoLLapay, Vanderbilt Un ty 
A procedure for finding all the elementary 
that can occur with apprecial 
veloped by assuming that charge, the third 
isotopic spin, and the baryon number are const 
final sets of two, three, and four particles that can be produced 
by the hyperons and anti-hyperons incident leon have 
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been determined. The thresholds for each of these reactions 
have been calculated for both the case of the target nucleon 
at rest and the case of the target nucleon in a nucleus. In 
order that the thresholds for the multistage processes may 
be found easily, the maximum energy that a given particle 
produced in a given reaction can have has been determined as 
a function of the energy of the incident and target particles. 
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The maximum energy that one of the baryons, mesons, anti- 
baryons, and anti-mesons can have when it is produced by a 
nucleon and by a pion incident on a nucleon at rest and in 
motion in a nucleus, has been calculated. Finally, it has been 
attempted to find the total number of reactions possible for a 
given set of initial particles as a function of the number of 
particles produced. 
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M1. The Nature of the Lambda Point Transition in Liquid Helium. W. M. FairBank. 


Contributed Papers 


M2. Pressure Dependence of de Haas van Alphen Parame- 
ters in Zinc at Liquid Helium Temperatures.* K. S. BALAIn, 
C. G. GRENIER, AND J. M. REyYNOLDs, Louisiana State 
University.—Work previously reported! showed that the 
Ettinghausen-Nernst voltage in zinc exhibited pure de Haas 
van Alphen type of oscillations with no monotonic term. In 
the present work, this effect has been measured at different 
pressures at 4.2°K and it has been possible to detect with great 
relative accuracy the variations in the de Haas van Alphen 
parameters. The sample was placed in a liquid helium bomb 
with its hexagonal axis parallel to the applied magnetic field. 
The results are such that long period oscillations of 6.35 x 107 
gauss~! decreased by 1.25% when the pressure was raised 
from 40 to 1000 psi. This seems to contradict some previous 
results? in zinc where an increase in pressure caused an increase 
in period. No change in phase could be detected as was 
reported in Bismuth.® 

* Supported by the Office of Ordnance Research. 

1 Bergeron, Grenier, and Reynolds, Phys. Rev. Letters, 2, 40 (1959). 

? Dmitrenko, Verkin, and Lazarev, Soviet Phys. JETP 35, 329, No. 2 
aw. C. Overton, Jr., and Ted G. Berlincourt. Phys. Rev. 99, 1165 (1955). 

M3. Pre-Acceleration in Beta Ray Spectroscopy. W. O. 
Oxtson, H. H. HUBBELL, Jr., AND R. D. BrrkHorr, Oak Ridge 
National Laboratory—A double hemispherical accelerator 
with annular slots permitted electrons to escape into the 
acceptance angle of a beta spectrometer of the solenoidal 
homogeneous magnetic field type. The acceleration widened 
the momentum increment transmitted from the source and 
reduced counter window absorption and resolution. The depar- 
ture from linearity of the Fermi plot of a thin source of Pm!” 
permitted evaluation of Geiger counter window transmission. 
The true momentum distribution N(p) is related to the 
observed count rate M by N(p) = M(I/J*)[1+AE/(T+myc*) ] 
where J is the spectrometer current for beta rays of energy T. 
J is the larger current at which M is observed for beta rays 
of initial energy JT accelerated by AE. Corrected spectra 
showed that, with acceleration, focusing varied inversely with 
acceleration, focusing varied inversely with source-size. The 
ratio between the corrected momentum spectrum with ac- 
celeration to that without varied from unity for AE/T=0.1 to 
1.8 for AE/T=1 for a particular ring source. Trajectory 
calculations suggest no distortion for the first case, but 
considerable rotation of the trajectories about the axis of the 
spectrometer in the second. Theoretically such rotations may 
be avoided for AE/T > 10 for ratios of sphere radii >10. 


M4. A Study of the Gamma Ray and Inner Brems- 
strahlung Transitions in the Decay of Tin-113.* Witte E. 
PHILLIPSt AND JOHN I. Hopkins, Vanderbilt University.—A 
fast-slow coincidence spectrometer was used to study the 
decay of Sn"*, A 650-kev gamma ray was found in the single- 
channel spectrum and it was found to be in coincidence with 
the In K x-ray in the fast and in the slow coincidence spectra. 
This confirmed the existence of a 650-kev level in In" fed by a 
weak orbital capture branching. From the relative intensities 
of the 257-kev gamma rays and the 650-kev gamma rays 
(16.4+1.3:1), it was determined that the spin of the 650-kev 
level is $ and the parity is odd. The absence of positrons and 
arguments from log (ft) classifications indicate a spin of } and 
even parity for the ground level of Sn" and a decay energy 
in the range of 0.8 to 1.6 Mev. The shape of the corrected 
inner bremsstrahlung spectrum indicated a decay 
of 1.3+0.3 Mev. 


energy 


* Supported by the Atomic Energy Commission. 
+t Now at Texas Technological College 
t Now at Davidson College. 


MS. Decay of Cs'. Joun D. FRENCH* AND Max Goopricu, 
Louisana State University.—The gamma-ray in the decay of 
Cs! (2.2 years half-life) have been studied with a scintillation 
spectrometer employing a cylindrical (3 in. X3 in.) crystal of 
Nal(Tl) and with a coincidence spectrometer using two such 
crystals in the spectrometers. The pulse spectrum in coin- 
cidence with the peak corresponding to each of the principal 
gamma-rays was obtained. The data indicate that at least 
fifteen gamma-rays are present, all of which occur in the 
nucleus Ba'™ following negatron decay and none occur in the 
nucleus Xe™ following positron decay. Previously unreported 
crossover transitions of 1640 and 1970 kev, confirming levels 
at these energies, were observed. A decay scheme with energy 
levels in Ba‘ at 605, 1038, 1168, 1367, 1401, 1640, and 1970 
kev will be presented. 


* Now at Alabama Polytechnic Institute. 


M6. Beta-Gamma Angular Correlation in Eu'®*.* Harry 
DuLAney, L. D. Wy Ly, AND C. H. BRADEN, Georgia Institute 
of Technology.—Previous work!:? on the decay of Eu‘*? has 
indicated a unique shape for the 1460-kev beta group, an 
unusually large log ft product of 11.6, but a spin change of 
only one for the first forbidden beta decay. Preliminary 
measurements have been made on the beta-gamma angular 
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correlation between the 1460-kev beta group and the 345-kev 
gamma ray which follows the beta decay. Measurements at 
a beta energy of about 1100 kev yield a large negative ani- 
sotropy ratio of approximately 0.35. 
* Supported in part by a grant from the National Science Foundation, 
). 


1 Cork, Brice, Helmer, and Sarason, Phys. Rev. 107, 1621 (1957 
2 Abraham, Kedzie, and Jeffries, Phys. Rev. 108, 58 (1957). 


M7. Search for Angular Correlations Involving X-Rays.* 
Harry DuLAney, J. L. Ret, L. D. Wyty, Anp C. H. BRADEN, 
Georgia Institute of Technology.—Standard scintillation 
counter coincidence techniques have been employed to search 
for possible angular correlations involving x-rays due to 
conversion or K capture. To date, no polarization sensitive 
detectors have been used and the various K series x-rays have 
not been distinguished. Our results, which are consistent with 
isotropic distributions in all cases, follow: 


Anisotropy ratio 
—0.01 +0.02 
—0.014+0.010 
—0.02 +0.02 
—0.01 +0.03 

0.01 +0.02 
0.014+0.013. 


Radiations 
(126 kev e~ (33 kev X) 
(165 kev gamma) (33 kev X) 
(624 kev e7 (31 kev X) 
Bi? (480 kev e~ (72 kev X) 
Bi? (570 kev gamma) (72 kev X) 
Bi? (976 kev e7) (72 kev X) 


Nuclide 
Cel 
Ce” 


Cs}37 
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which 
cidental 
bsequent 


The (1060-kev gamma cascade in Bi”? 
presented a very 
coincidences, 
tests indicate 
interference in the 
(1060 gamma 
anisotropy. 


(72-kev X) 
le real to 


unfavorable ratio of 


yielded an isotropy rat >t 
that the 


measurement 


a positive 
result is probably due to 
from the 570 

own to have a large positive 


positive 
gamma) 


cascade which is kr 


* Supported in | 


M8. On 
R. A. Kromuout, 
ment of chemical |! 
method of Jacob 


Wiggles Estimates @ Field Inhomogeneity. 
Florida State I ty the measure- 
inetics by nuclear m net I ince, the 
“wiggles”’ nd Wangsness is often used 
to measure the e 

line shape is determined by the { 
simple considerations lead one to 
the line ind the wiggles decay 
would be expected to depend on li 


ed for the cass 


e width parameter ‘‘7,4”’ i ses where the 
ld inhomoge eity \ Ithoug h 


expect a ¢ betwee: 


width time relation 


shape I t solut 


ion 
has been obtait 
some 
cases. Evidence 
characteristic 

but fits mi 


approximate 


best, 
lines. 


Astronomy 


(KENNETH M. 


Yoss presiding 


Invited Papers 


Nl. O Associations and Stellar Evolution. Part I. Car 


K. SEYFERT, 


N2. O Associations and Stellar Evolution. Part Il. Davin Crawrorp, 
N3. Space Astronomy. Cart HENIZE, Smithsonian Astrophysical Obse 


Contributed Papers 


N4. Relative Distributions of the Galaxies in the Coma 
Cluster. M. B. BAKER, University of Florida.—If the clusters 
of galaxies were in detailed equilibrium the time-scale of the 
universe would have to be of the order of 10!8 to 10” years. 
If the time-scale is of the order of 5 X 10° years, then there has 
not been enough time for a large interchange of momentum. 
A criterion for equilibrium is sought in the Coma cluster by 
comparing the counts of galaxies in the cluster to two different 
limiting magnitudes. Strip counts have been made on a 48-in. 
Schmidt plate and the counts have been compared in such a 
manner as to make the test independent of the background 
count and of the cluster size. 


N5. Spectrophotometry of RS Ophiuchi, 1958. THEopor! 
P. STECHER AND RoBERT I, JOHNSON, University of Michigan, 
AND KENNETH M. Yoss, Louisiana State University.—The 
recurrent nova RS Ophiuchi had its third recorded outburst on 
July 14, 1958. It was observed with the Michigan instruments 
from July 17 through September 22. Twenty-eight spectra 
were obtained with the 37-inch reflector at five different 
dispersions, covering from 3100 A to 8800 A. The identified 
emissions include: H, Hel, Hell, Fel, Fell, [Fel1], [FeX], 
NI, NII, NIII, OI, OIII, NaI, [AX]. The Curtis Schmidt 
telescope was used with the ten-degree objective prism 
combination to obtain forty-six plates with a total of sixty-five 
exposures, covering from 3600 A to 8800 A. Three early type 
stars of suitable magnitude range were recorded simultane- 
ously with the nova. The plates were standardized by means 


of a spot sensiton 
standardized against Vega 
chrometer. The spectra of the 
from the Schmidt 
and transformed in 
chromatic intensities for 
combined with the 


plates wert 
to dire 

the 
correspo dir photoelect 
give a corrected characteristic curve. Thi 
emission line intensities were the 


Code-Whitford mon« 


1 expre ssed 
t 


chromatic magnitudes f 


N6. A Study of Line Profiles in haves art of Procyon 
LEON W. SCHROEDER, Oklahom ate Un 
by Raymond T. Grenchik Rect Heiser “ed reproduced 
the observed solar profiles of the magnesium trip at S175 A 
The theoretical profiles were calculated on the IBM 650 
electronic calculator model issumed 
abundance for magnesium, and the 
ters. The ition of the mo 
into account. In this 
possibility of duplicating the ‘‘detailed”’ profiles by the si 
procedure of using Milne-Eddi | t 
with parameters determined at 
model atmosphere. An electri 
facilitate making many trials 
appropriate th was found by 
0.80. Two of the para 
atmosphere; the, third 


ntroduced 


itmosphere, 
necessary atomic parame- 
stratif | I ; taken 
paper investigatio1 made of the 
mpler 


pronies 


optic il dey 


meters can be obt 1ined it 


from the observed 





AMERICAN PHYS 


tensities. The results of the solar study were extended to the 
spectrum of Procyon where the same lines were duplicated 
using parameters from a Procyon model atmosphere. 


! Heiser, Astrophys. J. 125, 470 (1957). 

N7. Effects of Helium on a White Dwarf Atmosphere. 
<AYMOND GRENCHIK AND LAWRENCE NICOLA, Louisiana 
State University.—Since large amounts of helium are expected 
in the atmospheres of white dwarfs, a model atmosphere is 
calculated for 40 Eridani B assuming extremely high ratios of 
helium to hydrogen, i.e., 1, 10, 100, to see how this influences 
the emergent flux as compared to the flux from a helium free 
atmosphere. Using the Chandrasekhar grey body temperature 
distribution at a standard wavelength of 5000 A and the 
equation of mechanical equilibrium the model atmosphere is 
calculated with the aid of an IBM 650 computer. For four 
relative amounts of helium the temperature, pressure, fraction 
of unionized hydrogen, and the opacity are tabulated fer 
optical depths ranging from 0 to 10. The ratio of the optical 
depth increment at wavelength to the optical depth 
increment at 5000 A being proportional to the ratio of the 
absorption these wavelengths, the 
calculation of corresponding optical depths at other wave- 
lengths. The tabulation of these depths facilitates the calcula- 
tion of the emergent flux. Thus the condition of constant flux 
for different depths is checked. Varying the amount of helium 
rherefore a quantita- 


any 


oefficients at enables 


ultimately changes the electron pressure. 
tive interpretation of hydrogen line profiles is possible by 


employing recent theories in line broadening 

N8. Radio-Frequency Observations of the Planets in 
1957—1958.* ALEx G. SmitH AND T. D. Carr, University of 
Florida.—Radio-frequency monitoring of several planets has 
ontinued at 18 Mc/sec, 22.2 Mc and 27.6 M« 

itions of Jupiter over a period of 5 months during the 
1958 a rotational period 
28*.8 Measurements of 


been « sec, sec. 
Observ: 
1957 have confirmed 


radio 


apparition 

for the 
pol irization of the radiation 
field whose 
making several crude 
Venus have failed to re 


the 
1 Jovian 


Qh 55™ sources. 
indicate the existence of 
magnetic value has been estimated as 7 gauss by 
Extended observations of 


the 


issumptions. 


ver previously announced 
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spirodic radiation, and the results for Uranus have also been 
negative. Some indication of feeble radiation from Saturn has 
been obtained but the results cannot 
conclusive. 


as yet be regarded as 


* This program is supported by the National Science F idation, the 


U.S 


Army Office of Ordnance Research, and the Office of Na aval Research. 


N9. Application of Television Techniques to Astronomy. 
Joun H. Dewirr (introduced by Carl Seyfert), A. J. Dyer 
Observatory, Vanderbilt University—The application of tele- 
vision techniques to astronomy has resulted in the develop- 
ment of a closed circuit system which has been successful in the 
photography of some of the major planets. Included in the 
equipment is an electronic image steadier which neutralizes 
some of the effects of atmospheric turbulence. With the 
development of the Z5294 orthicon the possibility of 
reaching down to very low light levels has opened up. Stars of 
the 15th magnitude are presently being photographed in 8 sec 
at the cassegrain focus of the 24-in. reflector. It is anticipated 
that with much lower intensity will be 
reached. 


new 


slower sweep-off 


N10. Note on Possible Correlation Between Sunspots and 
West Indian Hurricanes. HARLAN T. STETSON (introduced by 
Paul Shearin).—-Utilizing chronological data in Tannehill’s 
authoritative volume on hurricanes, the occurrences of over 
200 West Indian hurricanes showed little correspondence with 
sunspot numbers taking yearly values from 1750-1949. We 
restricted solar data to the average of those months 
By so doing, the occurrence 
an increase in 


have 
when hurricanes are most active. 
of West Indian hurricanes shows a tendency for 
activity as diminish in his 
becomes emphasized if sunspot numbers are re- 
l average sunspot 


hurricane sunspots number. 
tendency 
stricted into zones of solar latitude utilizing ar 
number for each zone width of thirty degrees. It 
so far as the origin of West Indian hurricanes is concerned, the 
the and the distant from the solar 
the greater the number of hurricanes. The 
maximum sunspot activity in the (about 11 4 
are likely to witness the fewest number of hurricanes 
during the hurricane season. An exhibition of this has occurred 
during the last three years of a record sunspot maximum 


appears that 


fewer sunspots more 


equator, years of 
solar cycle ears 


duration 





MEETINGS AND DEADLINES THROUGH JUNE, 1960 


Place 


Cleveland 
Pasadena* 
New York 
Houston 
Detroit 
Washington 
Montreal 


* Abstracts for the Pasadena meeting are to be 
sent to W. A. NIERENBERG, University of Cali- 
fornia, Berkeley 4, California, and must reach his 
office not later than the corresponding deadline 
date. Abstracts for topical conferences are to be sent 
to the addresses given on page 380. 

Abstracts for the other meetings listed above are 
to be sent to KARL K. DARROw, American Physical 
Society, Columbia University, New York 27, New 
York, and must reach his office not later than the 
corresponding deadline date. Take note that ab- 


Meeting dates 


November 27—28,. 1959 
December 28-30, 1959 
January 27-30, 1960 
March 4-5, 1960 
March 21-24, 1960 
April 25-28, 1960 
June 15-17, 1960 


Deadline dat 


) 


September 25 
October 23 

November 13 
to be decided 
to be decided 
to be decided 


to be dec ide d 


the last postal delivery of the 
2 p.M. Allow 
uirmail from 


for those 


fail to arrive in time: 
day usually comes to our office before 
at least two days for abstracts sent by 


ind longer 


points east of the Mississippi, 
sent from farther west. 
the point of dispatch) on deadline day ar 
rejected, and telegrams heralding thei 


\bstracts postm irked (at 
instantly 
rival are 
fruitless except in revenue to the telegraph com- 
pany. The privilege of contributing papers to meetings 
of the American Physical Society is restricted 
members of the Society and t 


to the 


Oo nonmemoers Whose 


stracts mailed the day before deadline day often 


Place 


Ann Arbor 


Monterey 


Los Alamos 
Washington 
Detroit 


Gatlinburg 


DIVISIONAL MEETINGS (see pages 380, 381 


Subject Meeting dat 
Fluid Dynamics 
Plasma Physics Dec 


November 23-25 


ember 3-5 
TOPICAL CONFERENCES (see page 380 
Ox tober 1-3 


October 14-16 
November 16—20 


Neutron Capture Reactions 

Gaseous Electronics 

Magnetism and Magnetic 
Materials 

Reactions between Complex 
Nuclei 


May 2 


3, 1960 


papers are sponsored by member 





RULES AND INSTRUCTIONS FOR THE PREPARATION OF ABSTRACTS 


The Council has ordered that abstracts shall be 
not longer than two hundred (200) words or the 
equivalent thereof. In reckoning equivalence, a 
footnote is equated to ten words; each line in a 

able to ten words; a “display’’ formula—one that 
requires a line to itself—is an expensive luxury 
equated to forty words. 

Two copies of each abstract must be sent to the 
appropriate office. They must be typewritten; one 
must be an original, the other may be an original or 
a carbon copy. Carbon copies will not be accepted in 
lieu of originals: they smear. Abstracts must be 
double-spaced: single-spaced manuscripts are too 
crowded to permit the editorial markings to be 
made with ease and clearness. Each abstract must be 
confined to a single page: if it is too long for a single 
page it is too long to be printed. If we receive an 
abstract typed on two pages, we print only its first 
page. Write each wbstract as a single paragraph: the 
suppression of paragraphs costs time and labor to 
the editors. Do not use very thin paper: a sheet of 
very thin paper may cause extraordinary trouble 
when mixed with sheets of reasonable thickness. 
The American Institute of Physics will bless you if 


you type first the title of your abstract in lower-case 
with capitalized initials, then your name in capitals, 
then the name of your institution in lower-case 
underlined with capitalized initials. It is a pleasure 
to report that those who qualify for this blessing are 
increasing in number but are still quite a bit short 
of 100% of the total. Issues of the Bulletin are 
always appreciably delayed because the editors 
have to do what the authors should have done. 

Remember the rule of the Council that, if an 
author submits more than one abstract, all but one 
must go onto the Supplementary Program. In 
enforcing this rule, an abstract is credited to the 
author whose name appears first in the by-line. 

It has now become an expensive business to make 
any change in an abstract, even the smallest, after 
the abstract has gone to press. By order of our 
Council ‘‘A change in an abstract will be permitted 
only at the discretion of the Secretary or his deputy, 
and only if TEN DOLLARS is enclosed with the 
letter in which the change is requested.’’ As here- 
tofore, an abstract will not be withdrawn from 
proof unless the asker sends ten dollars with his 
request. 


Report of the Nominating Committee 


The 1959 Nominating Committee of The Ameri- 
can Physical Society has nominated to various 
offices of the Society, for terms beginning at the 
end of the 1960 Annual Meeting, the following 
candidates: 

To the Presidency: V. F. WEISSKOPF 

To the Vice-Presidency : FREDERICK SEITZ 

To the Secretaryship: K. K. DARROW 

To the Treasurership: S. L. QuimBy 

To the Managing Editorship: S. A. GoupsmiT 

To (two) posts on the Council: N. E. BRapBury, 
D. W. Kerst, P. Kusca, L. R. MAXWELL. 


To (six) posts on the Board of Editors, with 
special assignment to The Physical Review: T. H. 
BERLIN, S. D. DRELL, K. W. Forp, BENJAMIN LAx, 
LEONA MARSHALL, C. F. SQUIRE. 

To (two) posts on the Board of Editors, with 
special assignment to Reviews of Modern Physics: 
M. Dresp_ENn, M. L. GOLDBERGER. 

Of the foregoing, Messrs. Weisskopf, Seitz, Dar- 
row, Quimby, and Goudsmit were nominated also 
by more than the requisite number of votes of the 
membership-at-large of the Society. 
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